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THROMBOPOIETIN 

FIELD OF THE INVENTION 

This invention relates to the isolation, purification and recombinant or 
5 chemical synthesis of proteins that influence survival, proliferation, differentiation 
or maturation of hematopoietic cells, especially platelet progenitor celts. This 
invention specifically relates to the cloning and expression of nucleic acids encoding a 
protein ligand capable of binding to and activating mpl, a member of the cytokine 
receptor superfamily. This invention further relates to the use of these proteins alone 
10 or in combination with other cytokines to treat immune or hematopoietic disorders 
including thrombocytopenia. 

BACKGROUND OF THE INVENTION 
I . The Hematopoietic System 

1 5 The hematopoietic system produces the mature highly specialized blood ceils 

known to be necessary for survival of all mammals. These mature cells include; 
erythrocytes, specialized to transport oxygen and carbon dioxide, T- and B- 
lymphocytes, responsible for cell- and antibody-mediated immune responses, 
platelets or thrombocytes, specialized to form blood clots, and granulocytes and 

2 0 macrophages, specialized as scavengers and as accessory cells to combat infection. 

Granulocytes are further subdivided Into; neutrophils, eosinophils, basophils and mast 
cells, specialized cell types having discrete functions. Remarkably, all of these 
specialized mature blood cells are derived from a single common primitive cell type, 
referred to as the pluripotent (or totipotent) stem cell, found primarily in bone 
25 marrow (Dexter et aL, Ann. Rev. Ce// B/o/.. 3:423-441 [1987]). 

The mature highly specialized blood cells must be produced in large numbers 
continuously throughout the life of a mammal. The vast majority of these specialized 
blood cells are destined to remain functionally active for only a few hours to weeks 
(Cronkits et aL, Blood Cells, 2:263-284 [1976]). Thus, continuous renewal of the 

3 0 mature blood cells, the primitive stem cells themselves, as well as any intermediate 

or lineage-committed progenitor cell lines lying between the primitive and mature 
cells, Is necessary in order to maintain the normal steady state blood cell needs of the 
mammal. 

At the heart of the hematopoietic system lies the pluripotent stem cell(s). 
3 5 These cells are relatively few in number and undergo self-renewal by proliferation to 
produce daughter stem cells or are transfomied, in a series of differentiation steps. 
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into increasingly mature lineage-restricted progenitor celis. ultimately forming the 
highly specialized mature blood cell(s). 

For example, certain multipotent progenitor cells, referred to as CFC-Mix, 
derived from stem cells undergo proliferation (self-renewal) and development to 
5 produce colonies containing all the different myeloid cells; erythrocytes, neutrophils, 
megakaryocytes (predecessors of platelets), macrophages, basophils, eosinophils, and 
mast cells. Other progenitor cells of the lymphoid lineage undergo proliferation and 
development into T-cells and B-celts. 

Additionally, between the CFC-Mix progenitor cells and myeloid cells lie 
1 0 another rank of progenitor cells of intennediate commitment to their progeny. These 
lineage-restricted progenitor cells are classified on the basis of the progeny they 
produce. Thus, the known immediate predecessors of the myeloid celis are: erythroid 
colony-forming units (CFU-E) for erythrocytes, granulocyte/macrophage colony- 
fonning cells (GM-CFC) for neutrophils and macrophages, megakaryocyte colony- 

1 5 forming cells (Meg-CFC) for megakaryocytes, eosinophil colony-forming cells (Eos- 

CFC) for eosinophils, and basophil colony-fonning cells (Bas-CFC) for mast cells. 
Other intermediate predecessor ceils between the pluripotent stem cells and mature 
blood cells are known (see below) or will likely be discovered having varying degrees 
of lineage-restriction and self-renewal capacity. 

2 0 The underlying principal of the nonnal hematopoietic cell system appears to be 

decreased capacity for self-renewal as multipotency is lost and lineage-restriction and 
maturity is acquired. Thus, at one end of the hematopoietic cell spectrum lies the 
pluripotent stem cell possessing the capacity for self-renewal and differentiation Into 
all the various lineage-specific committed progenitor cells. This capacity is the basis 

2 5 of bone marrow transplant therapy where primitive stem cells repopulate the entire 

hematopoietic cell system. At the other end of the spectrum lie the highly lineage- 
restricted progenitors and their progeny which have lost the abilrty of self-renewal 
but have acquired mature functional activity. 

The proliferation and development of stem cells and lineage-restricted 

3 0 progenitor cells is carefully controlled by a variety of hematopoietic growth factors or 

cytokines. The role of these growth factors in vivo is complex and incompletely 
understood. Some growth factors, such as lnterleukin-3 (IL-3), are capable of 
stimulating both multipotent stem cells as well as committed progenitor cells of 
several lineages, including for example, megakaryocytes. Other factors such as 
35 granulocyte/macrophage colony-stimulating factor (GM-CSF) was initially thought to 
be restricted in its action to GM-CFC*s. Later, however, it was discovered GM-CSF 
also influenced the proliferation and development of interalia megakaryocytes. Thus, 
IL-3 and GM-CSF were found to have overlapping biological activities, although with 
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differing potency. More recently, both interleukln-6 (IL-6) and interleukin-1 1 
(IL-II), while having no apparent influence on meg-colony formation alone, act 
synergistically with IL-3 to stimulate maturation of megakaryocytes (Yonemura et 
aL, Exp. He/nafo/.. 20:1011-1016 [1992]). 
5 Thus, hematopoietic growth factors may influence growth and differentiation of 

one or more lineages, may overlap with other growth factors in affecting a single 
progenitor cell line, or may act synergistically with other factors. 

It also appears that hematopoietic growth factors can exhibit their effect at 
different stages of cell development from the totipotent stem cell through various 
1 0 committed lineage-restricted progenitors to the mature blood cell. For example, 
erythropoietin (epo) appears to promote proliferation only of mature erythroid 
progenitor cells. IL-3 appears to exert its effect earlier Influencing primitive stem 
cells and intermediate lineage-restricted progenitor cells. Other growth factors such 
as stem cell factor (SCF) may influence even more primitive cell development. 

1 5 It will be appreciated from the foregoing that novel hematopoietic growth 

factors that affect survival, proliferation, differentiation or maturation of any of the 
blood cells or predecessors thereof would be useful, especially to assist in the re- 
establishment of a diminished hematopoietic system caused by disease or after 
radiation- or chemo-therapy. 

20 

il. Megakaryocytopoiesis - Platelet Production 

Regulation of megakaryocytopoiesis and platelet production has been reviewed 
by: Mazur, Exp, Hemafo/., 15:248 [1987] and Hoffman, Blood, 74:1196-1212 
[1989]. Briefly, bone marrow plurlpotent stem cells differentiate into 

2 5 megakaryocytic, erythrocytic, and myelocytic cell lines. It is believed there is a 

hierarchy of committed megakaryocytic progenitor cells between stem cells and 
megakaryocytes. At least three classes of megakaryocytic progenitor cells have been 
identified, namely; burst forming unit megakaryocytes (BFU-MK), colony-forming 
unit megakaryocytes (CFU-MK), and light density megakaryocyte progenitor cells 

30 (LD-CFU-MK). Megakaryocytic maturation Itself is a continuum of development that 
has been separated Into stages based on standard morphologic criteria. The eariiest 
recognizable member of the megakaryocyte (MK or meg) family are the 
megakaryoblasts. These cells are initially 20 to 30 \im In diameter having basophilic 
cytoplasm and a slightly irregular nucleus with loose, somewhat reticular chromatin 

35 and several nucleoli. Later, megakaryoblasts may contain up to 32 nuclei (ployplold). 
but the cytoplasm remains sparse and immature. As maturation proceeds, the nucleus 
becomes more lobulate and pyknotic, the cytoplasm increases In quantity and becomes 
more acidophilic and granular. The most mature cells of this family may give the 
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appearance of releasing platelets at their periphery. Normally, less than 10% of 
megakaryocytes are in the blast stage and more than 50% are mature. Arbitrary 
morphologic classifications commonly applied to the megakaryocyte series are 
megakaryoblast for the earliest fonn; promegakaryocyte or basophilic megakaryocyte 
5 for the Intermediate form; and mature (acidophilic, granular, or platelet-producing) 
megakaryocyte for the late forms. The mature megakaryocyte extends filaments of 
cytoplasm into sinusoidal spaces where they detach and fragment into Individual 
platelets (Williams et aL, Hematology, 1972). 

Megakaryocytopoiesis is believed to involve several regulatory factors 
10 (Williams et aL, Br. J. HaematoL, 52:173 [1982] and Williams et aL, J. Cell 
Physiol, 110:101 [1982]). The early level of megakaryocytopoiesis is postulated as 
being mitotic, concerned with cell proliferation and colony initiation from CFU-MK 
but is not affected by platelet count (Burstein et a/., J. Cell PhysioL, 109:333 
[1981] and Kimura et aL, Exp. HematoL, 13:1048 [1985]). The later stage of 

1 5 maturation is non-mitotic, involved with nuclear polyploid ization and cytoplasmic 

maturation and is probably regulated in a feedback mechanism by peripheral platelet 
number (Odell et ai. Blood, 4B:765 [1976] and Ebbe et ai. Blood, 32:787 
[19681), 

The existence of a distinct and specific megakaryocyte colony-stimulating 
20 factor (MK-CSF) has been disputed (Mazur, Exp. Hemafo/., 15:340-350 [1987]). 
However most authors believe that a process so vital to survival as platelet production 
would be regulated by cytokine(s) exclusively responsible for this process. The 
hypothesis that megakaryocyte/platelet specific cytoklne(s) exist has provided the 
basis for more than 30 years of search * but to date no such cytokine has been 

2 5 purified, sequenced and established by assay as a unique MK-CSF (TPO). 

Although it has been reported that MK*CSF's have been partly purified from 
experimentally produced thrombocytopenia (Hill et ai, Exp, HematoL, 14:752 
[1986]) and human embryonic kidney conditioned medium [CM] (McDonald et ai, J. 
Lab. Clin. Med., 85:59 [1975]) and In man from a plastic anemia and Idiopathic 

3 0 thrombocytopenic purpura urinary extracts (Kawakita et al.. Blood, 6:556 [1983]) 

and plasma (Hoffman et aL, J. Clin, /nvesf., 75:1174 [1985]), their physiological 
function is as yet unknown in most cases. 

The conditioned medium of pokeweed mitogen-activated spleen cells (PWM- 
SpCM) and the murine myelomonocyte cell line WEHI-3 (WEHI-3CM) have been used 
3 5 as megakaryocyte potentiators. PWM-SpCM contains factors enhancing CFU-MK 
growth (Metcalf ef al. Pro. Natl. Acad. Scl., 175^72:1744-1748 [1975]; 
Quesenberry ef a/., S/ood, 65:214 [1985J; and Iscove, N.N.. in Hematopoietic Cell 
Differentiation, ICN-UCLA Symposia on Molecular and Cellular Biology, Vol. 10, Golde 
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et bL, eds. [New York, Academy Press] pp 37-52 [1978]), one of which is 
interleulcln-3 (IL-3), a multilineage colony stimulating factor (multi-CSF 
[Burstein. Blood Cells, 11:469 [1986]). The other factors In this medium have not 
yet been identified and isolated. WEHI-3 is a murine myelomonocytic cell line 
5 secreting relatively large amounts of IL-3 and smaller amounts of GM-CSF. IL-3 has 
been found to potentiate the growth of a wide range of hematopoietic cells (Ihle et aL, J. 
Immunol., 13:282 [1983]). IL-3 has also been found to synergize with many of the 
known hematopoietic hormones or growth factors (Bartelmez et aL, J. Cell PhysioL, 
122:362-369 [1985] and Warren et aL, Ce//, 46:667-674 [1988]). including 
1 0 both erythropoietin (EPO) and interleukin-1 (IL-1). In the induction of very early 
multipotential precursors and the formation of very large mixed hematopoietic 
colonies. 

Other sources of megakaryocyte potentiators have been found In the conditioned 
media of murine lung, bone, macrophage cell lines, peritoneal exudate cells and human 

1 5 embryonic kidney cells. Despite certain conflicting data (Mazur, Exp. HematoL, 

15:340- 350 [1987]). there Is some evidence (Geissler et aL, Br. J. HaematoL, 
60:233-238 [1985]) that activated T lymphocytes rather than monocytes play an 
enhancing role in megakaryocytopoiesis. These findings suggest that activated T- 
lymphocyte secretions such as interleukins may be regulatory factors In MK 

2 0 development (Geissler et aL, Exp. HematoL, ^ 5:845-853 [1987]). A number of 

studies on megakaryocytopoiesis with purified erythropoietin EPO (Vainchenker et aL, 
Blood, 54:940 [1979]; f^cLeod et aL, Nature, 261:492-4 [1976]; and Williams et 
aL, Exp. HematoL, 12:734 [1984]) Indicate that this homione has an enhancing 
effect on MK colony fomiation. This has also been demonstrated in both serum-free 

2 5 and serum-containing cultures and in the absence of accessory cells (Williams et aL, 

Exp. HematoL, 12:734 [1984]). EPO was postulated to be involved more in the single 
and two-cell stage aspects of megakaryocytopoiesis as opposed to the effect of PWM- 
SpCM which was Involved in the four-cell stage of megakaryocyte development. The 
interaction of all these factors on both eariy and late phases of megakaryocyte 

3 0 development remains to be elucidated. 

Data produced from several laboratories suggests that the only multi-lineage 
factors that individually have MK-colony stimulating activity are GM-CSF and IL-3 
and. to a lesser extent, the B-cell stimulating factor IL-6 (IkebuchI et aL, Proc. NatL 
Acad. ScL USA, 84:9035 [1987]). More recently, several authors have reported that 
3 5 IL-11 and leukemia inhibitory factor (LIF) act synergistically with IL-3 to increase 
megakaryocyte size and ploidy (Yonemura ef a/., British Journal of Hematology, 
84:16-23 [1993]; Burstein et aL, J. CelL PhysioL, ^ 53:305-3^2 [1992]; Metcalf 
ef a/.. S/oocr, 76:50-56 [1990]; Metcalf ef a/., B/ood, 77:2150-2153 [1991]; 
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Bruno et aL, Exp. HematoL, 19:378-381 [1991]; and Yonemura et al, Exp, 
Hemafo/., 20:1011-1016 [1992]). 

Other documents of interest include: Eppstein et aL, U.S. Patent No. 
4,962,091; Chong, U.S. Patent No. 4,879,111; Femandes ef a/., U.S. Patent No. 
5 4,604,377; Wissler et aL, U.S. Patent No. 4,512,971; Gottlieb, U.S. Patent No. 
4,468.379; Bennett ef a/., U.S. Patent No. 5,215,895; Kogan ef a/., U.S. Patent No, 
5,250,732; Kimura et aL, Eur. J. /m/nuno/., 20(9): 1927-1 931 [1990]; Secor et 
al.,J. of //n/nuno/., 144(4):1484-1489 [1990]; Warren et aL, J. of Immunol., 
140(1):94-99 [1988]; Warren et al., Exp. We/nafo/., 17(11):1 095-1 099 
10 [1989]; Bruno et al., Exp. He/nafo/., 17(10): 1038-1 043 [1989]; Tanikawa et al., 
Exp. Hemafo/., 17(8):883-888 [1989]; Koike ef a/., fl/oocf, 75(12):2286-2291 
[1990]; Lotem, B/ood, 75(5):1545-1551 [1989]; Rennick et al., Blood, 
73(7):1828-1835 [1989]; and Clutterbuck ef a/., B/ood, 73(6):1 504-1 51 2 
[1989]. 

15 

III. Thrombocytopenia 

Platelets are critical elements of the blood clotting mechanism. Depletion of 
the circulating level of platelets, called thrombocytopenia, occurs in various clinical 
conditions and disorders. Thrombocytopenia ts commonly defined as a platelet count 

20 below 150 X 10^ per liter. The major causes of thrombocytopenia can be broadly 
divided Into three categories on the basis of platelet life span, namely; (1) Impaired 
production of platelets by the bone marrow, (2) platelet sequestration In the spleen 
(splenomegaly), or (3) increased destruction of platelets In the peripheral 
circulation {e.g., autoimmune thrombocytopenia or chemo- and radiation-therapy). 

25 Additionally, in patients receiving large volumes of rapidly administered platelet-poor 
blood products, thrombocytopenia may develop due to dilution. 

The dinical bleeding manifestations of thrombocytopenia depend on the severity 
of thrombocytopenia. Its cause, and possible associated coagulation defects. In general, 
patients with platelet counts between 20 and 100 X 10^ per liter are at risk of 

30 excessive post traumatic bleeding, while those with platelet counts below 20 X 10^ 
per liter may bleed spontaneously. These latter patients are candidates for platelet 
transfusion with attendant immune and viral risk. For any given degree of 
thrombocytopenia, bleeding tends to be more severe when the cause is decreased 
production rather than Increased destruction of platelets. In the latter situation, 

3 5 accelerated platelet turnover results In the circulation of younger, larger and 
hemostatlcally more effective platelets. Thrombocytopenia may result from a variety 
of disorders briefly described below. A more detailed description may be found In 
Schafner. A. L, Thrombocytopenia and Disorders of Platelet Function," Internal 
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Medicine, 3rd Ed., John J. Hutton et ai, Eds.. Little Brown and Co., Boston/Toronto/ 
London [1990]. 

(a) Thrombocytopenia due to impaired platelet production 

Causes of congenital thrombocytopenia include constitutional aplastic anemia 
5 (Fanconi syndrome) and congenital amegakaryocytic thrombocytopenia, which may be 
associated with skeletal malformations. Acquired disorders of platelet production are 
caused by either hypoplasia of megakaryocytes or ineffective thrombopoiesis. 
Megakaryocytic hypoplasia can result from a variety of conditions. Including marrow 
aplasia (including Idiopathic forms or myelosuppression by chemotherapeutic agents 

1 0 or radiation therapy), myelfibrosis, leukemia, and invasion of the bone marrow by 
metastatic tumor or granulomas. In some situations, toxins, infectious agents, or 
drugs may Interfere with thrombopoiesis relatively selectively; examples Include 
transient thrombocytopenias caused by alcohol and certain viral infections and mild 
thrombocytopenia associated with the administration of thiazide diuretics. Finally. 

15 ineffective thrombopoiesis secondary to megaloblastic processes (folate or B12 
deficiency) can also cause thrombocytopenia, usually with coexisting anemia and 
leukopenia. 

Cun^ent treatment of thrombocytopenias due to decreased platelet production 
depends on Identification and reversal of the underlying cause of the bone marrow 

20 failure. Platelet transfusions are usually reserved for patients with serious bleeding 
complications, or for coverage during surgical procedures, since Isoimmunization may 
lead to refractoriness to further platelet transfusions. Mucosal bleeding resulting 
from severe thrombocytopenia may be ameliorated by the oral or intravenous 
administration of the antifibrinolytic agents. Thrombotic complications may develop, 

25 however, if antifibrinolytic agents are used in patients with disseminated 
intravascular coagulation (OIC). 

(b) Thrombocytopenia due to splenic sequestratton 

Splenomegaly due to any cause may be associated with mild to moderate 
thrombocytopenia. This is a largely passive process (hypersplenism) of splenic 

30 platelet sequestration, in contrast to the active destruction of platelets by the spleen in 
cases of immunomediated thrombocytopenia discussed below. Although the most 
common cause of hypersplenism is congestive splenomegaly from portal hypertension 
due to alcoholic cirrhosis, other forms of congestive. Infiltrative, or 
lymphoproliferative splenomegaly are also associated with thrombocytopenia. Platelet 

3 5 counts generally do not fall below 50 X 109 per liter as a result of hypersplenism 
ak)ne. 
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(c) Thrombocytopenia due to nonimmune-mediated platelet destruction 
Thrombocytopenia can result from the accelerated destruction of platelets by 

various nonimmunotogic processes. Disorders of this type include disseminated 
Intravascular coagulation, prosthetic intravascular devices, extra corporeal 
5 circulation of the blood, and thrombotic microangiopathies such as thrombotic 
thrombocytic purpura. In all of these situations, circulating platelets that are exposed 
to either artificial surfaces or abnormal vascular intima either are consumed at these 
sites or are damaged and then prematurely cleared by the reticuloendothelial system. 
Disease states or disorders in which disseminated intravascular coagulation (DIC) may 
1 0 arise are set forth in greater detail in Braunwald et al. (eds), Harrison's Principfes of 
Internal Medicine, 11th Ed., p.1478. McGraw Hill [1987]. Intravascular prosthetic 
devices, Including cardiac valves and intra-aortic balloons can cause a mild to 
moderate destructive thrombocytopenia and transient thrombocytopenia In patients 
undergoing cardiopulmonary bypass or hemodialysis may result from consumption or 

1 5 damage of platelets in the extra corporeal circuit. 

(d) Drug-induced immune thrombocytopenia 

More than 100 drugs have been implicated In Immunologically mediated 
thrombocytopenia. However, only quinidine, quinine, gold, sulfonamides, cephalothin, 
and heparin have been well characterized. Drug-induced thrombocytopenia is 
20 frequently very severe and typically occurs precipitously within days while patients 
are taking the sensitizing medication. 

(e) Immune (autoimmune) thrombocytopenic purpura (ITP) 

ITP in adults is a chronic disease characterized by autoimmune platelet 
destruction. The autoantibody Is usually IgG although other Immunoglobulins have also 

2 5 been reported. Although the autoantibody of ITP has been found to be associated with 

platelet membrane GPIIblNa. the platelet antigen specificity has not been identified in 
most cases. Extravascular destruction of sensitized platelets occurs in the 
reticuloendottielial system of the spleen and liver. Although over one-half of all cases 
of ITP are Idiopathic, many patients have underlying rheumatic or autoimmune 
30 diseases {e.g., systemic lupus erythematosus) or lymphoproliferative disorders (e.g., 
chronic lymphocytic leukemia). 

(f) HlV-lnduced ITP 

ITP is an increasingly common complication of HIV infection (Morris ef al, 
Ann. Intern. Merf., 96:714-717 [1982]), and can occur at any stage of the disease 
35 progression, both in patients diagnosed with the Acquired Immune Deficiency 
Syndrome (AIDS), those with AIDS-related complex, and those with HIV infection but 
without AIDS symptoms. HIV Infection is a transmissible disease ultimately 
characterized by a profound deficiency of cellular immune function as well as the 
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occurrence of opportunistic infection and malignancy. The primary immunologic 
abnormality resulting from infection by HIV is the progressive depletion and 
functional impairment of T lymphocytes expressing the CD4 cell surface glycoprotein 
(Lane et aL, Ann. Rev. Immunol., 3:477 [1985]). The loss of CD4 helper/inducer T 
5 cell function probably underlies the profound defects in cellular and humoral 
immunity leading to the opportunistic infections and malignancies characteristic of 
AIDS (H. Lane supra). 

Although the mechanism of HIV-associated ITP is unknown, ft is believed to be 
different from the mechanism of ITP not associated with HIV infection. (Walsh et ai, 
10 N. Eng. J. Med., 311:635-639 [1984]; and Ratner, Am. J. Med., 86:1 94-1 98 
[1989]). 

IV. Current Therapy for Thrombocytopenia 

The therapeutic approach to the treatment of patients with thrombocytopenia is 

1 5 dictated by the severity and urgency of the clinical situation. The treatment is similar 

for HIV-associated and non-HIV-related thrombocytopenia, and although a number of 
different therapeutic approaches have been used, the therapy remains controversial. 

Platelet counts In patients diagnosed with thrombocytopenia have been 
successfully increased by glucocorticoid {e.g., prednisolone) therapy, however in most 

2 0 patients, the response Is Incomplete, or relapse occurs when the glucocorticoid dose is 

reduced or Its administration is discontinued. Based upon studies with patients having 
HIV-associated ITP, some investigators have suggested that glucocorticoid therapy may 
result in predisposition to AIDS. Glucocorticoids are usually administered if platelet 
count falls below 20 X lO^/liter or when spontaneous bleeding occurs. 

2 5 For patients refractory to glucocorticoids, the compound: 

4-(2-chIorphenyl)-9-methyl-2-[3-(4-morpholinyl)-3-propanon-1-yl]6H- 
thieno[3,2,fJ[1.2,4]tria2olo[4.3,a,][1,4]dia2epin (WEB 2086) 
has been successfully used to treat a severe case of non HIV-associated ITP. A patient 
having platelet counts of 37,000-58,000/^1 was treated with WEB 2086 and after 

3 0 1-2 weeks treatment platelet counts increased to 140,000-190,000/^1. (EP 

361,077 and Lohman et al., Lancet , 1147 [1988]). 

Although the optimal treatment for acquired amegakaryocytic thrombocytopenia 
purpura (AATP) is uncertain, antithymocyte globulin (ATG). a horse antiserum to 
human thymus tissue, has been shown to produce prolonged complete remission 
3 5 (Trimble et al.. Am. J. HematoL, 37:126-127 [1991]). A recent report however, 
indicates that the hematopoietic effects of ATG are attributable to thimerosal, where 
presumably the protein acts as a mercury earner (Panella et aL, Cancer Research, 
50:4429-4435 [1990]). 
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Good results have been reported with splenectomy. Splenectomy removes the 
major site of platelet destruction and a major source of autoantibody production in 
many patients. This procedure results in prolonged treatment-free remissions in a 
large number of patients. However, since surgical procedures are generally to be 
5 avoided In immune compromised patients, splenectomy Is recommended only in severe 
cases of thrombocytopenia {e.g. severe HIV-associated ITP), In patients who fail to 
respond to 2 to 3 weeks of glucocorticoid treatment, or do not achieve sustained 
response after discontinuation of glucocorticoid administration. Based upon current 
scientific knowledge, it is unclear whether splenectomy predisposes patients to AIDS. 
10 In addition to prednisolone therapy and splenectomy, certain cytotoxic agents, 

e.g., vincristine, and azidothimidine (AZT, zidovudine) also show promise in treating 
HIV-induced ITP; however, the results are preliminary. 

It will be appreciated from the foregoing that one way to treat 
thrombocytopenia would be to obtain an agent capable of accelerating the 

1 5 differentiation and maturation of megakaryocytes or precursors thereof into the 

platelet-producing form. Considerable efforts have been expended on identifying such 
an agent, commonly referred to as "thrombopoietin" (TPO). Other names for TPO 
commonly found in the literature include; thrombocytopoiesis stimulating factor 
(TSF), megakaryocyte colony-stimulating factor (MK-CSF), megakaryocyte- 

2 0 stimulating factor and megakaryocyte potentiator. TPO activity was observed as early 

as 1959 (Rak et al., Med. Exp., 1:125) and attempts to characterize and purify this 
agent have continued to the present day. While reports of partial purification of TPO- 
active polypeptides exist (see, for example, Tayrien et bL, J. Biol. Chem., 262:3262 
{1987] and Hoffman et aL, J. Clin. Invest 7S:^^74 [1985]), others have postulated 

25 that TPO is not a discrete entity In its own right but rather is simply the 
polyfunctional manifestation of a known hormone (IL- 3, Sparrow et al.. Prog. Clin. 
Biol. Res., 215:123 [1986]). Regardless of its form or origin, a molecule possessing 
thrombopoietic activity would be of significant therapeutic value. Although no protein 
has been una-mbiguously Identified as TPO, considei^bie interest sun^ounds the recent 

30 discovery that mpl, a putative cytokine receptor, may transduce a thrombopoietic 
signal. 

V. Mpl Is a Megakaryocytopotetic Cytokine Receptor 

It is believed that the proliferation and maturation of hematopoietic cells is 

3 5 tightly regulated by factors that positively or negatively modulate pluripotential stem 

cell proliferation and multilineage differentiation. These effects are mediated through 
the high-affinity binding of extracellular protein factors to specific cell surface 
receptors. These cell surface receptors share considerable homology and are generally 
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Classified as members of the cytokine receptor superfamily. Members of the 
superfamily include receptors for: IL-2 (P and y chains) (Hatakeyama et a/., Science, 
244:551-556 [1989]; Takeshita ef a/., Sc/ence, 257:379-382 [1991]), IL-3 
(Itoh etaL, Sc/ence, 247:324-328 [1990]; Gorman ef a/.. Proc. Natl. Acad. ScL USA, 
5 87:5459-5463 [1990]; KItamura ef a/.. Ce//. 66:1 165-1 174 [1991a]; Kitamura 
ef a/., Proc, NatL Acad. ScL USiA. 88:5082-5086 [1991b]), IL-4 (t^osley et aL, 
Ce//, 59:335-348 [1989], IL-5 (Takaki et aL, EMSO J., 9:4367-4374 [1990]; 
Tavernier et al., Ce//, 66:1175-1184 [1991]). IL-6 (Yamasaki et aL, Science, 
241:825-828 [1988]; Hibi et aL, Ce//, 63:1149-1157 [1990]), IL-7 (Goodwin 

10 ef a/., Ce//. 60:941-951 [1990]), 11-9 (Renault ef a/., Proc. Natl. Acad. Sci. USA, 
89:5690-5694 [1992]), granulocyte-macrophage colony-stimulating factor (GM- 
CSF) (Gearing ef a/., EMSO J., 8:3667-3676 [1991]; Hayashlda ef a/., Proc. Natl. 
Acad. Sci. as;». 244:9655-9659 [1990]). granulocyte colony-stimulating factor 
(G-CSF) (Fukunaga ef a/., Ce//, 61:341-350 [1990a]; Fukunaga ef a/., Proc. Natl. 

15 Acad. Sci. USiA, 87:8702-8706 [1990b]; Larsen ef a/., J. Exp. Med., 172: 1559- 
1570 [1990]), EPO (D'Andrea ef a/., Ce//. 57:277-285 [1989]; Jones ef a/.. Blood, 
76:31-35 [1990]), Leukemia inhibitory factor (LIF) (Gearing ef a/., EMBO J., 
10:2839-2848 [1991J). oncostatin M (OSM) (Rose et aL, Proc. Natl. Acad. ScL 
ySA, 88:8641-8645 [1991]) and also receptors for prolactin (Boutin et al., Proc. 

20 NatL Acad. ScL USA, 88:7744-7748 [1988]; Edery ef al., Proc. NatL Acad. ScL USA, 
86:2112-2116 [1989]), growth hormone (GH) (Leung ef al.. Nature, 330:537 - 
543 [1987]) and ciliary neurotrophic factor (CNTF) (Davis ef aL, Science, 
253:59-63 [1991]. 

Members of the cytokine receptor superfamily may be grouped into three 

25 functional categories (for review see Nicola ef a/.. Cell, 67:1-4 [1991]). The first 
class comprises single chain receptors, such as erythropoietin receptor (EPO-R) or 
granulocyte colony stimulating factor receptor (G-CSF-R), which bind ligand with 
high affinity via the extracellular domain and also generate an intraceliuiar signal. A 
second class of receptors, so called a-subunits, includes interleukin-6 receptor 

30 (IL6-R), granulocyte-macrophage colony stimulating factor receptor (GM-CSF-R), 
interleukin-3 receptor (IL3-Ra) and other members of the cytokine receptor 
superfamily. These a-subunits bind ligand with low affinity but cannot transduce an 
intracellular signal. A high affinity receptor capable of signaling is generated by a 
heterodimer between an a-subunit and a member of a third class of cytokine 

35 receptors, termed p-subunits, e.g., Pc. the common p-subunit for the three a- 
subunits IL3-Ra and GM-CSF-R. 

Evidence that mpl is a member of the cytokine receptor superfamily comes 
from sequence homology (Gearing, EMBO J., 8:3667-3676 [1988]; Bazan. Proc. 
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NatL Acad. ScL (yS>\. 87:6834-6938 [1990]; Davis et ai, Sc/ence, 253:59-63 
[1991] and Vigon et ai, Proc. NatL Acad. ScL USA, 89:5640-5644 [1992]) and its 
ability to transduce proliferative signals. 

Deduced protein sequence from molecular cloning of murine c-mpi reveals this 
5 protein is homologous to other cytokine receptors. The extracellular domain contains 
465 amino acid residues and is composed of two subdomains each with four highly 
conserved cysteines and a particular motif in the N-terminal subdomain and in the C- 
terminal subdomain. The ligand-binding extracellular domains are predicted to have 
similar double p-barrel fold structural geometries. This duplicated extracellular 

1 0 domain is highly homologous to the signal transducing chain common to IL-3, IL-5 and 
GM-CSF receptors as well as the low-affinity binding domain of LIF (Vigon et aL, 
Oncogene, 8:2607-2615 [1993]). Thus mpl may belong to the low affinity ligand 
binding class of cytolcine receptors. 

A comparison of murine mpl and mature human mpl P, reveals these two 

15 proteins show 81% sequence identity. More specifically, the N-terminus and C- 
terminus extracellular subdomains share 75% and 80% sequence identity 
respectively. The most conserved mpl region is the cytoplasmic domain showing 91% 
amino acid identity, with a sequence of 37 residues near the transmembrane domain 
being identical in both species. Accordingly, mpl is reported to be one of the most 
. 20 conserved members of the cytokine receptor superfamlly (Vigon supra). 

Evidence that mpl is a functional receptor capable of transducing a 
proliferative signal comes from construction of chimeric receptors containing an 
extracellular domain from a cytokine receptor having high affinity for a known 
cytokine with the mpl cytoplasmic domain. Since no known ligand for mpl has been 

25 reported, It was necessary to construct the chimeric high affinity ligand binding 
extracellular domain from a class one cytokine receptor such as IL-4R or G-CSFR. 
Vigon et aL, supra fused the extracellular domain of G-CSFR with both the 
transmembrane and cytoplasmic domain of c-mp/. An IL-3 dependent cell .line, 
BAF/B03 (Ba/F3) was transfected with the G-CSFR/mp/ chimera along with a full 

3 0 length G-CSFR control. Cells transfected with the chimera grew equally well in the 
presence of cytokine IL-3 or G-CSF. Similarly, cells transfected with G-CSFR also 
grew well in either IL-3 or G-CSF. All cells died in the absence of growth factors. A 
similar experiment was conducted by Skoda ef a/., EMBO J., 12(7):2645-2653 
[1993] in which both the extracellular and transmembrane domains of human IL-4 

35 receptor (hlL-4-R) were fused to the murine mpl cytoplasmic domain, and 
transfected into a murine IL-3 dependent Ba/F3 cell line. Ba/F3 cells transfected 
with wild type hlL-4-R proliferated normally in the presence of either of the species 
specific IL-4 or IL-3. Ba/F3 cells transfected with hlL-4R//np/ proliferated 
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normally in the presence of hlL-4 (In the presence or absence of IL-3) demonstrating 
that In Ba/F3 cells the mpl cytoplasmic domain contains all the elements necessary to 
transduce a proliferative signal. 

These chimeric experiments demonstrate the proliferation signaling capability 
5 of the mpl cytoplasmic domain but are silent regarding whether the mpl extracellular 
domain can bind a ligand. These results are consistent with at least two possibilities, 
namely, mpl is a single chain (class one) receptor like EPO-R or G-CSFR or it is a 
signal transducing p-subunit (class three) requiring an a-subunit like IL-3 (Skoda 
et ai supra). 

10 

VI. Mpl Ligand is a Thrombopoletin (TPO) 

As described above, it has been suggested that serum contains a unique factor, 
sometimes referred to as thrombopoletin (TPO). that acts synergistically with various 
other cytokines to promote growth and maturation of megakaryocytes. No such natural 

1 5 factor has ever been isolated from serum or any other source even though considerable 

effort has been expended by numerous groups. Even though it is not known whether 
mpl is capable of directly binding a megakaryocyte stimulating factor, recent 
experiments demonstrate that mpl is involved In proliferative signal transduction 
from a factor or factors found In the serum of patients with aplastic bone marrow 
20 (Methia et a/., Blood, 82(5):1395-1401 [1993]). 

Evidence that a unique serum colony-forming factor distinct from IL-1a, IL- 
3. IL-4, IL-6. IL-11, SCF, EPO, G-CSF, and GM-CSF transduces a proliferative 
signal through mpl comes from examination of the distribution of c-mpi expression in 
primitive and committed hematopoietic cell lines and from mpl antisense studies in one 

2 5 of these cell lines. 

Using reverse transcriptase (RT)-PCR in immuno-purified human 
hematopoietic cells, Methia et aL, supra demonstrated that strong mpl mRNA messages 
were only found in CD34+ purified cells, megakaryocytes and platelets. CD34+ cells 
purified from bone marrow (BM) represents about 1% of all BM cells and are 

3 0 enriched in primitive and committed progenitors of all lineages {e.g., erythroid, 

granulomacrophage, and megakaryocytic). 

Mpl antisense oligodeoxynucleotides were shown to suppress megakaryocytic 
colony formation from the pluripotent CD34+ cells cultured In serum from patients 
with aplastic marrow (a rich source of megakaryocyte colony-stimulating activity 
3 5 [MK-CSA]). These same antisense oligodeoxynucleotides had no effect on erythroid or 
granulomacrophage colony fomiation. 

Whether mpl directly bound a ligand and whether the serum factor shown to 
cause megakaryocytopoiesis acted through mpl was still unknown. It had been 
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suggested, however, that if mpl did directly bind a ligand, Its amino acid sequence was 
likely to be highly conserved and have species cross-reactivity owing to the 
considerable sequence identity between human and murine mpl extracellular domains 
(Vigon ef a/., supra [1993]). 

5 

Vli. Objects 

In view of the foregoing, It will be appreciated there is a current and 
continuing need in the art to isolate and identify molecules capable of stimulating 
proliferation, differentiation and maturation of hematopoietic cells, especially 
1 0 megakaryocytes or their predecessors for therapeutic use in the treatment of 
thrombocytopenia. It is believed such a molecule is a mpl ligand and thus there exists 
a further need to Isolate such ligand(s) to evaluate their role(s) in cell growth and 
differentiation. 

Accordingly, it is an object of this invention to obtain a pharmaceutically pure 

1 5 molecule capable of stimulating proliferation, differentiation and/or maturation of 

megakaryocytes into the mature platelet-producing form. 

It is another object to provide the molecule in a form for therapeutic use in the 
treatment of a hematopoietic disorder, especially thrombocytopenia. 

It is a further object of the present invention to isolate, purify and specifically 

2 0 identify protein ligands capable of binding In vivo a cytokine superfamily receptor 

known as mpl and to transduce a proliferative signal. 

It is still another object to provide nucleic acid molecules encoding such 
protein ligands and to use these nucleic acid molecules to produce mpl binding ligands 
in recombinant cell culture for diagnostic and therapeutic use. 
25 It is yet another object to provide derivatives and modified forms of the protein 

ligands including amino acid sequence variants, variant glycoprotein forms and 
covalent derivatives thereof. 

It is an additional object to provide fusion polypeptide forms combining a mpl 
ligand and a heterologous protein and covalent derivatives thereof. 
30 It is still an additional object to provide variant polypeptide forms combining a 

mpl ligand with amino acid additions and substitutions from the EPO sequence to 
produce a protein capable of regulating proliferation and growth of both platelets and 
red blood cell progenitors. 

It is yet an additional object to prepare immunogens for raising antibodies 

3 5 against mpl ligands or fusion forms thereof, as well as to obtain antibodies capable of 

binding such ligands. 

These and other objects of the invention will be apparent to the ordinary 
artisan upon consideration of the specification as a whole. 
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SUMMARY OF THE INVENTION 

The objects of the invention are achieved by providing an Isolated mammalian 
megakaryocytopoietic proliferation and maturation promoting protein, denominated 
5 the "mp/ ligand" (ML) or "thrombopoietin" (TPO). capable of stimulating 
proliferation, maturation and/or differentiation of megakaryocytes into the mature 
platelet-producing form. 

This substantially homogeneous protein may be purified from a natural source 
by a method comprising; (1) contacting a source plasma containing the mpl ligand 
1 0 molecules to be purified with an immobilized receptor polypeptide, specifically mpl or 
a mpl fusion polypeptide immobilized on a support, under conditions whereby the mpl 
ligand molecules to be purified are selectively adsorbed onto the immobilized receptor 
polypeptide, (2) washing the immobilized receptor polypeptide and its support to 
remove non-adsorbed material, and (3) eluting the mpl ligand molecules from the 

1 5 immobilized receptor polypeptide to which they are adsorbed with an elution buffer. 

Preferably the natural source is mammalian plasma or urine containing the mpl 
ligand. Optionally the mammal is aplastic and the immobilized receptor is a /np/-lgG 
fusion. 

Optionally, the prefered megakaryocytopoietic proliferation and maturation 

2 0 promoting protein is an isolated substantially homogeneous mpl ligand polypeptide 

made by synthetic or recombinant means. 

The "/np/ ligand" polypeptide or "TPO" of this invention preferably has at least 
70% overall sequence identity with the amino acid sequence of the highly purified 
substantially homogeneous porcine mpl ligand polypeptide and at least 80% sequence 

2 5 identity with the "EPO-domaIn" of the porcine mpl ligand polypeptide. Optionally, the 

mpl ligand of this invention is mature human mpl ligand (hML), having the mature 
amino acid sequence provided in Fig. 1 (SEQ ID NO: 1), or a variant or 
posttranscriptionally modified fonm thereof or a protein having about 80% sequence 
identity with mature human mpl ligand. Optionally the mpl ligand variant is a 

3 0 fragment, especially an amino-terminus or "EPO-domain" fragment, of the mature 

human mpl ligand (hML). Preferably the amino terminus fragment retains 
substantially all of the human ML sequence between the first and forth cysteine 
residues but may contain substantial additions, deletions or substitutions outside that 
region. According to this embodiment, the fragment polypeptide may be represented by 
3 5 the formula: 

X-hML(7-151)-Y 

Where hML(7-151) represents the human TPO (hML) amino acid sequence from Cys'^ 
through Cys^^l inclusive; X represents the amino group of Cys^ or one or more of the 
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amino-terminus amino acid residue(s) of the mature hML or amino acid residue 
extensions thereto such as Met, Tyr or leader sequences containing, for example, 
proteolytic cleavage sites (e,g. Factor Xa or thrombin); and Y represents the carboxy 
terminal group of Cys^^"* or one or more carboxy-terminus amino acid residue(s) of 
5 the mature hML or extensions thereto. 

Optionally the mpl ligand polypeptide or fragment thereof may be fused to a 
heterologous polypeptide (chimera). A preferred heterologous polypeptide is a 
cytokine, colony stimulating factor or interleukin or fragment thereof, especially kit- 
ligand (KL), IL-1, IL-3, IL-6, IL-11, EPO, GM-CSF or LIP. An optional preferred 
10 heterologous polypeptide Is an immunoglobin chain, especially human lgG1, lgG2, 
lgG3, lgG4, IgA, IgE, IgD, IgM or fragment thereof, especially comprising the constant 
domain of an IgG heavy chain. 

Another aspect of this invention provides a composition comprising an isolated 
mpl agonist that is biologically active and is preferably capable of stimulating the 

1 5 Incorporation of labeled nucleotides {e.g., ^H-thymidine) into the DNA of IL-3 

dependent Ba/F3 cells transfected with human mpl. Optionally the mpl agonist is 
biologically active mpl ligand and is preferably capable of stimulating the 
incorporation of ^^S Into circulating platelets in a mouse platelet rebound assay. 
Suitable mpl agonist include hMLiss, hML(R153A, R154A), hML2, hML3, hML4, 

2 0 mML, mML2, mML3, pML, and pML2 or fragments thereof. 

In another embodiment, this invention provides an isolated antibody capable of 
binding to the mpl ligand. The isolated antibody capable of binding to the mpl ligand 
may optionally be fused to a second polypeptide and the antibody or fusion thereof may 
be used to Isolate and purify mpl ligand from a source as described above for 
25 immobilized mpL In a further aspect of this embodiment, the invention provides a 
method for detecting the mpl ligand In vitro or in vivo comprising contacting the 
antibody with a sample, especially a serum sample, suspected of containing the ligand 
and detecting If binding has occurred. 

In still further embodiments, the invention provides an isolated nucleic acid 

3 0 molecule, encoding the mpl ligand or fragments thereof, which nucleic acid molecule 

may optionally be labeled with a detectable moiety, and a nucleic acid molecule having a 
sequence that is complementary to, or hybridizes under moderate to highly stringent 
conditions with, a nucleic acid molecule having a sequence encoding a mpl ligand. 
Preferred nucleic acid molecules are those encoding human, porcine, and murine mpl 
3 5 ligand, and include RNA and DNA, both genomic and cDNA. In a further aspect of this 
embodiment, the nucleic acid molecule is DNA encoding the mpl ligand and further 
comprises a repticable vector In which the DNA is operably linked to control sequences 
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recognized by a host transfonned with the vector. Optionally the DNA is cDNA having 
the sequence provided in Fig. 1 5'-3* (SEQ ID NO: 2). 3'-5' or a fragment thereof. 
This aspect further includes host cells, preferably CHO cells, transfomied with the 
vector and a method of using the DNA to effect production of mpl ligand, preferably 
5 comprising expressing the cDNA encoding the mpl ligand in a culture of the 
transformed host cells and recovering the mpl ligand from the host cells or the host 
cell culture. The mpl ligand prepared in this manner is preferably human mpl ligand. 

The Invention further includes a method for treating a mammal having a 
hematopoietic disorder, especially thrombocytopenia, comprising administering a 
1 0 therapeutically effective amount of a mpl ligand to the mammal. Optionally the mpl 
ligand is administered in combination with a cytokine, especially a colony stimulating 
factor or interleukin. Preferred colony stimulating factors or Interleukins include; 
kit-ligand (KL), LIF, G-CSF, GM-CSF. M-CSF, EPO, IL-1, IL-3, IL-6. and IL-11. 

The invention further includes a process for isolating and purifying TPO (ML) 

1 5 from a TPO producing microorganism comprising: 

( 1 ) disrupting or lysing cells containing TPO, 

(2) optionally seperating soluble material from insoluble material 
containing TPO, 

( 3 ) solublizlng TPO in the insoluble material with a solubllzing buffer, 
20 ( 4 ) seperating solublized TPO from other soluble and Insoluble material, 

( 5 ) refolding TPO In a redox buffer, and 

( 6 ) separating property folded TPO from misfolded TPO. 

The process provides for solubilizing the Insoluble material containing TPO 
with a chaotropic agent where the chaotropic agent is selected from a salt of guanidlne. 

2 5 sodium thiocyanate, or urea. The process further provides that solublized TPO is 

separated from other soluble and insoluble material by one or more steps selected 
from centrafugation, gel filtration and reverse phase chromotography. The refolding 
step of the process provides for a redox buffer containing both an oxidizing and 
reducing agent. Generally, the oxidizing agent is oxygen or a compound containing at 

3 0 least one disulfide bond and the reducing agent Is a compound containing at least one 

free sulfhydryl. Preferably, the oxidizing agent is selected from oxidized 
glutathione(GSSG) and cystine and the reducing agent is selected from reduced 
glutathione{GSH) and cysteine. Most preferably the oxidizing agent is oxidized 
glutathione(GSSG) and the reducing agent is reduced glutathione{GSH), It is also 
3 5 pref ered that the molar ratio of the oxidizing agent is equal to or greater then that of 
the reducing agent. The redox buffer additionally contains a detergent, preferably 
selected from CHAPS and CHAPSO, present at a level of at ieast1%. The redox buffer 
addHlonally contains NaCI preferably at a concentration range of about 0.1-0,5M, and 
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glycerol preferably at a concentration greater than 15%. The pH of the redox buffer 
preferably ranges from about pH 7.5-pH 9.0. and the refolding step is conducted at 4 
degrees for 12-48hr. The refolding step produces biologically active TPO in which a 
disulfide bond is formed between the Cys nearest the amino-terminus with the Cys 
5 nearest the cartwxy-tenninus of the EPO domain. 

The Invention further includes a process for purifying biologically active TPO 
from a microorganism comprising: 

( 1 ) lysing at least the extracellular membrane of the 
microorganism, 

10 ( 2 ) treating the lysate containing TPO with a chaotropic agent, 

( 3 ) refolding the TPO, and 

( 4 ) separating impurities and misfolded TPO from properly folded 

TPO. 



1 5 BRIEF DESCRIPTION OF THE FIGURES 

Fig. 1 shows the deduced amino acid sequence (SEQ ID NO: 1) of human mpl ligand 
(hML) cDNA and the coding nucleotide sequence (SEQ ID NO: 2). Nucleotides are 
numbered at the beginning of each line. The 5' and 3' untranslated regions are 
indicated In lower case letters. Amino acid residues are numbered above the sequence 

20 starting at Ser 1 of the mature mpl ligand (ML) protein sequence. The boundrles of 
presumed exon 3 are indicated by the arrows and the potential N-glycosylation sites 
are boxed. Cysteine residues are indicated by a dot above the sequence. The underlined 
sequence corresponds to the N-tenninal sequence detemnlned from mpl ligand purified 
from porcine plasma. 

25 

Fig. 2 shows the procedure used for the mpl ligand ^H-thymidine incorporation 
assay. To determine the presence of mpl ligand from various sources, the mpl P Ba/F3 
cells were starved of IL-3 for 24 hours in a humidified Incubator at 37''C in 5% CO2 
and air. Following IL-3 starvation the cells were plated out in 96 well culture dishes 
30 with or without diluted samples and cultured for 24 hrs in a cell culture incubator. 
20 ^1 of serum free RPMI media containing 1 ^iCi of ^H-thymidine was added to each 
well for the last 6-8 hours. The cells were then harvested on 96 well filter plates and 
washed with water. The filters were then counted. 



3 5 Fig. 3 shows the effect of pronase, DTT and heat on the ability of APP to stimulate 
6a/F3-mp/ cell proliferation. For pronase digestion of APP, pronase (Boehringer 
Mannheim) or bovine serum albumin was coupled to Affl-gel10 (Biorad) and 
incubated individually with APP for 18hrs. at 37°C. Subsequently, the resins were 
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removed by centrifugation and supematants assayed. APP was also heated to 80*'C for 
4 min. or made 100 DTT followed by dialysis against PBS. 

Fig. 4 shows the elution of mpl ligand activity from Phenyl-Toyopearl. Blue- 
5 Sepharose and Ultralink-/np/ columns. Fractions 4-8 from the mpl affinity column 
were the peak activity fractions eluted from the column. 

Fig. 5 shows the SDS-PAGE of eluted Ultralink-mp/ fractions. To 200 ^1 of each 
fraction 2-8, 1 ml of acetone containing ImM HCI at -20°C was added. After 3hrs. at 
1 0 -20°C samples were centrifuged and resultant pellets were washed 2x with acetone at 
-20°C. The acetone pellets were subsequently dissolved in 30 \i\ of SDS-solubilization 
buffer, made 100 nM DTT and heated at 90°C for 5 min. The samples were then 
resolved on a 4-20% SDS-polyacrylamide gel and proteins were visualized by silver 
staining. 

15 

Fig. 6 shows elution of mpl ligand activity from SDS-PAGE. Fraction 6 from the 
mpAaffinity column was resolved on a 4-20% SDS-polyacrylamide gel under non- 
reducing conditions. Following electrophoresis the gel was sliced into 12 equal regions 
and electroeluted as described In the examples. The electroeluted samples were 
20 dialyzed Into PBS and assayed at a 1/20 dilution. The Mr standards used to calibrate 
the gel were Novex Mark 12 standards. 

Fig. 7 shows the effect of mpl ligand depleted APP on human megakaryocytopolesis. 
mpl ligand depleted APP was made by passing 1 ml over a 1 ml /np/-affinity column 
25 (700 \ig /np/-lgG/ml NHS-superose, Pharmacia). Human peripheral stem cell 
cultures were made 10% APP or 10% mpl ligand depleted APP and cultured for 12 
days. Megakaryocytopolesis was quantitated as described in the examples. 

Fig. 8 shows the effect of mp/-lgG on the stimulation of human megakaryocytopolesis 
30 by APP. Human peripheral stem cell cultures were made 10% with APP and cultured 
for 12 days. At day 0, 2 and 4, mp/-lgG (0.5 \ig) or ANP-R-IgG (0.5 jig) was added. 
After 12 days megakaryocytopolesis was quantitated as described in the examples. The 
average of duplicate samples is graphed with the actual duplicate data in parenthesis. 

3 5 Fig. 9 shows both strands of a 390 bp fragment of human genomic DNA encoding the 
mpl ligand. The deduced amino acid sequence of "exon 3" (SEQ ID NO: 3), the coding 
sequence (SEQ ID NO: 4), and Its compliment (SEQ ID NO: 5) are shown. 
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Fig. 10 shows deduced amino acid sequence of mature human mpl ligand (hML) (SEQ 
ID NO: 6) and mature human erythropoietin (hEPO) (SEQ ID NO; 7). The predicted 
amino acid sequence for the human mpl ligand is aligned with the human erythropoietin 
sequence. Identical amino acids are boxed and gaps introduced for optimal alignment 
5 are indicated by dashes. Potential N-glycosylation sites are underlined with a plain 
line for the hML and with a broken line for hEPO. The two cysteines important for 
erythropoietin activity are indicated by a large dot. 

Fig. 11 shows deduced amino acid sequence of mature human mpl ligand Isoforms hML 
1 0 (SEQ ID NO: 6). hML2 (SEQ ID NO: 8). hML3 (SEQ ID NO: 9), and hML4 (SEQ ID NO: 
10). Identical amino acids are boxed and gaps introduced for optimal alignment are 
indicated by dashes. 

Figs. 12A, 12B and 12C show the effect of human mpl ligand on Ba/F3-/np/ celt 
1 5 proliferation (A), in vitro human megakaryocytopoiesis quantitated using a 
radiolabeled murine IgG monoclonal antibody specific to the megakaryocyte 
glycoprotein GPIIblUa (B), and murine thrombopoiesis measured in a platelet rebound 
assay (C). 

Two hundred ninety-three cells were transfected by the GaP04 method 

20 (Gorman, C in DNA Cloning: A New Approach 2:143-190 [1985]) with pRK5 vector 
alone, pRK5-hML or with pRK5-MLi53 overnight (PRK5-ML153 was generated by 

introducing a stop codon after residue 153 of hML by PGR). Media was then 
conditioned for 36h and assayed for stimulation of cell proliferation of Ba/F3-mp/ as 
described in Example 1 (A) or in vitro human megakaryocytopoiesis (B). 

25 Megakaryocytopoiesis was quantitated using a ^^^\ radiolabeled murine IgG 
monoclonal antibody (HP1-1D) to the megakaryocyte specific glycoprotein GPIIblUa 
as described (Grant et al„ Blood 69:1334-1339 [1987]). The effect of partially 
purified recombinant ML (rML) on in vivo platelet production (C) was determined 
using the rebound thrombocytosis assay described by McDonald, T.P. Proc, Soc. Exp. 

30 B/o/. Med, 144:1006-10012 (1973). Partially purified rML was prepared from 
200ml of conditioned media containing the recombinant ML. The media was passed 
through a 2ml Blue-Separose column equilabrated in PBS and the column was washed 
with PBS and eluted with PBS containing 2M each of urea and NaCI. The active fraction 
was dialyzed into PBS and made Img/ml with endotoxin free BSA. The sample 

3 5 contained less than one unit of endotoxin /ml. Mice were injected with either 64,000, 
32,000 or 16,000 units of rML or excipient alone. Each group consisted of six mice. 
The mean and standard deviation of each group is shown, p values were determined by a 
2 tailed T-test comparing medians. 
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Fig. 13 compares the effect of human mpl ligand isoforms and variants in the Ba/F3- 
mpl cell proliferation assay. hML. mock, hML2, hMLS. hML(R153A. R154A). and 
hMLi53 were assayed at various dilutions as described In Example 1. 

5 

Figs. 14A, 14B and 14C show the deduced amino acid sequence (SEQ ID NO: 1) of 
human mpl ligand (hML) or human TPO (hTPO) and the human genomic DNA coding 
sequence (SEQ ID NO: 11). Nucleotides and amino acid residues are numbered at the 
beginning of each line. 

1 0 

Fig. 15 shows a SDS-PAGE of purified 293-rhML332 and purified 293-rhlWLi53. 

Fig. 16 shows the nucleotide sequence: cDNA coding (SEQ ID NO: 12) and deduced 
amino acid sequence (SEQ ID NO: 13) of the open reading frame of a murine ML 

1 5 isoform. This mature murine mpl ligand isoform contains 331 amino acid residues, 

four fewer than the putative full length mML. and is therefore designated mML2. 
Nucleotides are numbered at the beginning of each line. Amino acid residues are 
numbered above the sequence starting with Ser 1. The potential N-glycosylation sites 
are underlined. Cysteine residues are indicated by a dot above the sequence. 

20 

Fig. 17 shows the cDNA sequence (SEQ ID NO: 14) and predicted protein sequence 
(SEQ ID NO: 15) of this murine ML isofomi (mML). Nucleotides are numbered at the 
beginning of each line. Amino acid residues are numbered above the sequence starting 
with Ser 1. This mature murine mpl ligand isoform contains 335 amino acid residues 

2 5 and Is believed to be the full length mpl ligand, designated mML. The signal sequence is 

Indicated with a dashed underline and the lilcely cleavage point is denoted with an 
arrow. The 5' and 3* untranslated regions are indicated with lower case letters. The 
two deleations found as a result of alternative splicing (mML2 and mML3) are 
underlined. The four cysteine residues are indicated by a dot. The seven potential N- 

3 0 giycosyiation sites are boxed. 

Fig. 18 compares the deduced amino acid sequence of the human ML isoform hML3 
(SEQ ID NO: 9) and a murine ML isofomn designated mML3 (SEQ ID NO: 16). The 
predicted amino acid sequence for the human mpl ligand is aligned with the murine mpl 
3 5 ligand sequence. Identical amino acids are boxed and gaps introduced for optimal 
alignment are indicated by dashes. Amino adds are numbered at the beginning of each 
line. 
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Fig. 19 compares the predicted amino acid sequences of mature ML Isoforms from 
mouse-ML (SEQ ID NO: 17), porcine-ML (SEQ ID NO: 18) and human-ML (SEQ ID NO: 
6). Amino acid sequences are aligned with gaps, indicated by dashes, introduced for 
optimal alingment. Amino acids are numbered at the beginning of each line with 
5 Identical residues boxed. Potential N-glycosylation sites are Indicated by a shaded box 
and cysteine residues are designated with a dot. The conserved dl-basic amino acid 
motif that presents a potential protease cleavage site Is underlined. The four amino 
acid deletion found to occur In all three species (ML2) Is outlined with a bold box. 

1 0 Fig. 20 shows the cDNA sequence (SEQ ID NO: 19) and predicted mature protein 
sequence (SEQ ID NO: 18) of a porcine ML Isofomi (pML). This porcine mpl ligand 
isoform contains 332 amino acid residues and is believed to be the full length porcine 
mpl ligand, designated pML. Nucleotides are numbered at the beginning of each line. 
Amino add residues are numbered above the sequence starting with Ser 1 . 

1 5 

Fig. 21 shows the cONA sequence (SEQ ID NO: 20) and predicted mature protein 
sequence (SEQ ID NO: 21) of a porcine ML isofomi (pML2). This porcine mpl ligand 
isoform contains 328 amino acid residues and is a four residues deletion form of the 
full length porcine mpl ligand, designated pML2. Nucleotides are numbered at the 

2 0 beginning of each line. Amino acid residues are numbered above the sequence starting 

with Ser 1. 

Fig. 22 compares the deduced amino acid sequence of the full length porcine ML 
Isofomi pML (SEQ ID NO: 18) and a porcine ML Isoform designated pML2 (SEQ ID NO: 
25 21). The predicted amino acid sequence for the pML is aligned with pML2 sequence. 
Identical amino acids are boxed and gaps introduced for optimal alignment are indicated 
by dashes. Amino acids are numbered at the beginning of each line. 

Fig, 23 shows the pertinent features of plasmid pSVI5.ID.LL.MLORF ("full length" or 
30 TPO332) used to transfect host CHO-DP12 cells for production of CHO-rhTP0332- 

Fig- 24 shows the pertinent features of plasmid pSVI5.ID.LL.MLEPO-D ("truncated" 
or TPO153) used to transfect host CHO-DP12 cells for production of CHO-rhTPOi53. 

35 Figs. 25A, 25B, and 25C show the effect of E. co//-rhTPO(Met"\ 153) on 
platelets (A), red blood cells (B) and (C) white blood cells In normal mice. Two 
groups of 6 female 057 B6 mice were Injected daily with either PBS buffer or 0.3^g 
£. cofrrhTPO(Met"\ 153) (lOOfil sc.). On day 0 and on days 3-7 40\i\ of blood was 
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taken from the orbital sinus. This blood was immediately diluted in 10 ml of 
commercial diluant and complete blood counts were obtained on a Serrono Baker 
Hematology Analyzer 9018. The data are presented as means ± Standard error of the 
mean. 

5 

Figs. 26A, 26B and 26C show the effect of £. co//-rhTPO(Met'^ 153) on platelets 
(A), red blood cells (B) and (C) white blood cells In sublethally irradiated mice. Two 
groups of 10 female C57 86 mice were sublethally Irradiated with 750 cGy of gamma 
radiation from a ^^'^Cs source and Injected daily with either PBS buffer or 3.0ng E. 

1 0 co//-rhTPO(Met"\ 153) (lOOjil sc.). On day 0 and at subsequent intennediate time 

points 40]i\ of blood was taken from the orbital sinus. This blood was immediately 
diluted in 10 ml of commercial diluant and complete blood counts were obtained on a 
Serrono Baker Hematology Analyzer 9018. The data are presented as means ± 
Standard error of the mean. 

15 

Figs. 27A, 27B and 27C show the effect of CHO-rhTP0332 on (A) platelets 
(thrombocytes), (B) red blood cells (erythrocytes) and (C) white blood cells 
(leukocytes) in normal mice. Two groups of 6 female C57 B6 mice were injected 
daily with either PBS buffer or O.S^ig CHO-rhTP0332 (lOOfil sc.). On day 0 and on 

2 0 days 3-7 40^l of blood was taken from the orbital sinus. This blood was immediately 

diluted in 10 ml of commercial diluant and complete blood counts were obtained on a 
Serrono Baker Hematology Analyzer 9018. The data are presented as means ± 
Standard en-or of the mean. 

25 Fig. 28 shows dose response curves for various forms of rhTPO obtained from 
various cell lines. Dose response curves were constructed to rhTPO from the 
following cell lines: hTP0332 from CHO (full length from Chinese hamster ovary 
cells); hTPOwet"^ 153 (f- co//-derived truncated form with an N-termlnal 
methionine); hTP0332 (full length TPO from human 293 cells); Met-less 155 E-Coli 

30 (the truncated form [rhTPOiss] without the terminal methionine from E. coh). 
Groups of 6 female C57B6 mice were injected daily for 7 days with rhTPO depending 
upon group. Each day 40\x\ of blood was taken from the orbital sinus for complete blood 
counts. The data presented above are the maximal effects seen with the various 
treatments and with the exception of (met 153 E-Coll) this occurred on day 7 of 

3 5 treatment. In the aforementioned "met 153 E-Colt group the maximal effect was seen 

on day 5. The data are presented as means + Standard'en^or of the mean. 
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Fig. 29 shows dose response curves comparing the activity of full length and "cliped** 
forms of rhTPO produced in CHO cells with the truncated form from E. colL Groups of 
6 female C57B6 mice were injected daily with 0.3fig rhTPO of various types. On days 
2-7 40\i\ of blood was taken from the orbital sinus for complete blood counts. 
5 Treatment groups were TPO153 the truncated form of TPO from E. coli; TPO332 (Mix 
fraction) Full length TPO containing approximately 80-90% full length and 10-20% 
clipped forms; TPO332(30K fraction) = purified clipped fraction from the original 
"mix" preparation; TPO332(70K fraction) = purified full length TPO fraction from 
the original "mix" preparation. The data are presented as means ± Standard error of 
10 the mean. 

Fig. 30 is a cartoon showing the KIRA ELISA assay for measuring TPO. The figure 
shows the MPiyRse.gD chimera and relavant parts of the parent receptors as well as 
the final construct (right portion of the figure) and a flow diagram (left portion of the 
1 5 figure) showing relavant steps of the assay. 

Fig. 31 is a flow chart for the KIRA ELISA assay showing each step in the procedure. 

Figs. 32A-32L provide the nucleotide sequence (SEC ID NO: 22) of the pSVI17.ID,LL 
20 expression vector used for expression of Rse.gD in Example 17. 

Fig. 33 is a schematic representation of the preperation of plasmid pMPI . 

Fig. 34 is a schematic representation of the preperation of plasmid pMP21 . 

25 

Fig. 35 Is a schematic representation of the preperation of plasmid pMP151. 

Hg. 36 is a schematic representation of the preperation of plasmid pMP202. 

3 0 Fig. 37 is a schematic representation of the preperation of plasmid pMP172. 

Fig. 38 is a schematic representation of the preperation of plasmid pMP210. 

Fig. 39 is a table of the five best expressing TPO clones from the pMP210 plasmid 
35 bank (SEC ID NOS: 23, 24. 25, 26. 27 and 28). 

Fig. 40 is a schematic representation of the preperation of plasmid pMP41. 
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Fig. 41 is a schematic representation of the preperation of plasmid pMP57. 

Rg. 42 is a schematic representation of the preperation of plasmid pMP251. 

5 DETAILED DESCRIPTION OF THE INVENTION 

i. Definitions 

In general, the following words or phrases have the indicated definition when 
used in the description, examples, and claims. 

"Chaotropic agent" refers to a compound which, in aqueous solution and in 
1 0 suitable concentrations, can cause a change in the spatial configuration or 
confonnation of a protein by at least partially disrupting the forces responsible for 
maintaining the normal secondary and tertiary structure of the protein. Such 
compounds include, for example, urea. guanidine-HCI, and sodium thiocyanate. High 
concentrations, usually 4-gM, of these compounds are nomrially required to exert the 

1 5 conformational effect on proteins. 

"Cytokine" is a generic terni for proteins released by one cell population which 
act on another cell as intercellular mediators. Examples of such cytokines are 
lymphokines, monokines, and traditional polypeptide hormones. Included among the 
cytokines are growth hormone, insulin-like growth factors, human growth hormone, 

2 0 N-methionyl human growth hormone, bovine growth honDone, parathyroid homnone, 

thyroxine, insulin, proinsulin, relaxin, prorelaxin, glycoprotein hormones such as 
follicle stimulating hormone (FSH), thyroid stimulating hormone (TSH), and 
leutinizing hormone (LH), hematopoietic growth factor, hepatic growth factor, 
fibroblast growth factor, prolactin, placental lactogen, tumor necrosis factor-a 
25 (TNF-aand TNF-p) mullerian-inhibiting substance, mouse gonadotropin-assoclated 
peptide. Inhibin, activin, vascular endothelial growth factor, fntegrin, nerve growth 
factors such as NGF-p, platelet-growth factor, transfomiing growth factors (TGFs) 
such as TGF-a and TGF-p, insulin-like growth factor-l and -II. erythropoietin 
(EPO), osteoinductive factors. Interferons such as interferon-a, -p. and -y, colony 

3 0 stimulating factors (CSFs) such as macrophage-CSF (M-CSF), granulocyte- 

macrophage-CSF (GM-CSF). and granulocyte-CSF (G-CSF). interleukins (IL's) such 
as IL-I. IL-la, IL-2, IL-3, IL-4, IL-S. IL-6, IL-?, IL-8, IL-9. IL-11, IL-12 and 
other polypeptide factors including LIF. SCF, and kit-ligand. As used herein the 
foregoing terms are meant to include proteins from natural sources or from 
35 recombinant cell culture. Similarly, the terms are intended to include biologically 
active equivalents; e.g., differing In amino acid sequence by one or more amino acids or 
in type or extent of glycosylation. 
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'mpl ligand", "mpl ligand polypeptide", "ML", "thrombopoietin" or "TPO" are 
used interchangeably herein and comprise any polypeptide that possesses the property 
of binding to mpl, a member of the cytokine receptor superfamily, and having a 
biological property of the ML as defined below. An exemplary biological property Is 
5 the ability to stimulate the incorporation of labeled nucleotides (e.g., ^l-l-thymldlne) 
into the DNA of IL-3 dependent Ba/F3 cells transfected with human mpl P. Another 
exemplary biological property is the ability to stimulate the incorporation of ^^S into 
circulating platelets in a mouse platelet rebound assay. This definition encompasses 
the polypeptide isolated from a mpl ligand source such as aplastic porcine plasma 
1 0 described herein or from another source, such as another animal species, including 
humans or prepared by recombinant or synthetic methods and Includes variant fonms 
including functional derivatives, fragments, alleles, Isoforms and analogues thereof. 

A "mp/ ligand fragment" or "TPO fragment" is a portion of a naturally 
occurring mature full length mpl ligand or TPO sequence having one or more amino 

1 5 acid residues or carbohydrate units deleted. The deleted amino acid residue(s) may 

occur anywhere in the peptide including at either the N-terminal or C-temiinal end or 
internally. The fragment will share at least one biological property In common with 
mpl ligand. Mpl ligand fragments typically will have a consecutive sequence of at least 
10, 15, 20, 25, 30, or 40 amino acid residues that are identical to the sequences of 

2 0 the mpl ligand isolated from a mammal including the ligand isolated from aplastic 

porcine plasma or the human or murine ligand, especially the EPO-domain thereof. 
Representative examples of N-temiinal fragments are hMLiss or TPO(Mer^1-153). 

"Mpl ligand variants' or "/np/ ligand sequence variants" as defined herein 
means a biologically active mpl ligand as defined below having less than 100% 

25 sequence Identity with the mpl ligand Isolated from recombinant cell culture or 
aplastic porcine plasma or the human ligand having the deduced sequence described In 
Fig. 1 (SEQ ID NO: 1). Ordinarily, a biologically active mpl ligand variant will have 
an amino acid sequence having at least about 70% amino acid sequence identity with the 
mpl ligand isolated from aplastic porcine plasma or the mature murine or human 

30 ligand or fragments thereof (see Fig. 1 [SEQ ID NO: 1]), preferably at least about 
75%, more preferably at least about 80%, still more preferably at least about 85%, 
even more preferably at least about 90%, and most preferably at least about 95%. 

A "chimeric, mp/ ligand" is a polypeptide comprising full length mp/ ligand or 
one or more fragments thereof fused or bonded to a second heterologous polypeptide or 

35 one or more fragments thereof. The chimera will share at least one biological 
property in common with mpl ligand. The second polypeptide will typically be a 
cytokine, Immunoglobln or fragment thereof. 
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"Isolated mpi ligand", "highly purified mpi ligand" and "substantially 
homogeneous /np/ ligand" are used interchangeably and mean a mp/ ligand that has been 
purified from a mpi ligand source or has been prepared by recombinant or synthetic 
methods and is sufficiently free of other peptides or proteins (1) to obtain at least 15 
5 and preferably 20 amino acid residues of the N-terminal or of an internal amino acid 
sequence by using a spinning cup sequenator or the best commercially available amino 
acid sequenator marketed or as modified by published methods as of the filing date of 
this application, or (2) to homogeneity by SDS-PAGE under non-reducing or reducing 
conditions using Coomassie blue or, preferably, silver stain. Homogeneity here means 

1 0 less than about 5% contamination with other source proteins, 

"Biological property" when used in conjunction with either the "mp/ ligand" or 
"Isolated mpi ligand" means having thrombopoietic activity or having an In vivo 
effector or antigenic function or activity that is directly or indirectly caused or 
performed by a mpi ligand (whether in its native or denatured conformation) or a 

1 5 fragment thereof. Effector functions includemp/ binding and any carrier binding 
activity, agonism or antagonism of mpi, especially transduction of a proliferative 
signal including replication, DNA regulatory function, modulation of the biological 
activity of other cytokines, receptor (especially cytokine) activation, deactivation, 
up- or down regulation, cell growth or differentiation and the like. An antigenic 

20 function means possession of an epitope or antigenic site that is capable of cross- 
reacting with antibodies raised against the native mpi ligand. The principal antigenic 
function of a mpi ligand polypeptide is that it binds with an affinity of at least about 
10® I/mole to an antibody raised against the mp/ ligand isolated from aplastic porcine 
plasma. Ordinarily, the polypeptide binds with an affinity of at least about 10^ 

25 I/mole. Most preferably, the antigenically active mpi ligand polypeptide is a 
polypeptide that binds to an antibody raised against the mpi ligand having one of the 
above described effector functions. The antibodies used to define "biologically activity" 
are rabbit polyclonal antibodies raised by formulating the mpi ligand isolated from 
recombinant cell culture or aplastic porcine plasma in Freund's complete adjuvant, 

30 subcutaneously injecting the formulation, and boosting the immune response by 
intraperitoneal injection of the formulation until the titer of mpi ligand antibody 
plateaus. 

"Biologically active" when used In conjunction with either the "mp/ ligand" or 
"Isolated mpi ligand" means a mpi ligand or polypeptide that exhibits thrombopoietic 
3 5 activity or shares an effector function of the mpi ligand Isolated from aplastic porcine 
plasma or expressed In recombinant cell culture described herein. A principal known 
effector function of the mpi ligand or polypeptide herein is binding to mpi and 
stimulating the incorporation of labeled nucleotides (^H-thymidine) Into the DNA of 
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IL-3 dependent Ba/F3 cells transfected with human mp! P. Another known effector 
function of the mpl ligand or polypeptide herein is the abiilty to stimuiate the 
incorporation of ^^S into circuiating platelets in a mouse platelet rebound assay. Yet 
another known effector function of mpi ligand is the ability to stimulate in vitro 
5 human megakaryocytopoiesis that may be quantitated by using a radio labeled 
monoclonal antibody specific to the megakaryocyte glycoprotein GPIIblHa- 

"Percent amino acid sequence identity" with respect to the mpl ligand sequence 
is defined herein as the percentage of amino acid residues in the candidate sequence that 
are identical with the residues in the mpl ligand sequence isolated from aplastic 

1 0 porcine plasma or the murine or human ligand having the deduced amino acid sequence 
described In Fig. 1 (SEQ ID NO: 1), after aligning the sequences and introducing gaps, 
If necessary, to achieve the maximum percent sequence identity, and not considering 
any conservative substitutions as part of the sequence identity. None of N-terminal, 
C-terminal, or internal extensions, deletions, or insertions into the mpl ligand 

1 5 sequence shall be construed as affecting sequence identity or homology. Thus 
exemplary biologically active mpl ligand polypeptides considered to have identical 
sequences Include; prepro-mp/ ligand, pro-mp/ ligand, and mature mpl ligand. 

'Mpl ligand microsequencing" may be accomplished by any appropriate 
standard procedure provided the procedure is sensitive enough. In one such method, 

20 highly purified polypeptide obtained from SDS gels or from a final HPLC step are 
sequenced directly by automated Edman (phenyl isothiocyanate) degradation using a 
model 470A Applied Biosystems gas phase sequencer equipped with a 120A 
phenylthiohydantion (PTH) amino acid analyzer. Additionally, mpl ligand fragments 
prepared by chemical {e.g., CNBr, hydroxylamine, 2-nitro-5-thiocyanobenzoate) or 

25 enzymatic {e.g., trypsin, clostrlpaln, staphylococcal protease) digestion followed by 
fragment purification {e.g„ HPLC) may be similarly sequenced. PTH amino adds are 
analyzed using the ChromPerfect data system (Justice Innovations, Palo Alto, CA). 
Sequence Interpretation is performed on a VAX 11/785 Digital Equipment Co. 
computer as described by Henzel et aL, J. Chromatography, 404:41-52 [1987]. 

30 Optionally, aliquots of HPLC fractions may be electrophoresed on 5-20% SDS-PAGE, 
electrotransfenred to a PVDF membrane (ProBlott, AIB, Foster City, CA) and stained 
with Coomassie Brilliant Blue (Matsurdiara, J. Biol. C/ie/n., 262:10035-10038 
[1987]. A specific protein identified by the stain Is excised from the blot and N- 
terminal sequencing is carried out with the gas phase sequenator described above. For 

35 internal protein sequences, HPLC fractions are dried under vacuum (SpeedVac), 
resuspended in appropriate buffers, and digested with cyanogen bromide, the Lys- 
specific enzyme Lys-C (Wako Chemicals, Richmond, VA), or Asp-N (Boehringer 
Mannheim, Indianapolis, IN). After digestion, the resultant peptides are sequenced as a 
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mixture or after HPLC resolution on a C4 column developed with a propanol gradient in 
0.1% TFA prior to gas phase sequencing. 

Thrombocytopenia" is defined as a platelet count below 150 X 1o9 per liter of 

blood. 

5 "Thrombopoietic activity" is defined as biological activity that consists of 

accelerating the proliferation, differentiation and/or maturation of megalcaryocytes or 
megakaryocyte precursors into the platelet producing form of these cells. This 
activity may be measured in various assays including an In vivo mouse platelet 
rebound synthesis assay, Induction of platelet cell surface antigen assay as measured 
10 by an anti-platelet immunoassay (anti-GPIIbllla) 'or a human leukemia 
megakaryoblastic cell line (CI^K), and Induction of polyploidization In a 
megakaryoblastic cell line (DAMI). 

"Thrombopoietin" (TPO) Is defined as a compound having thrombopoietic 
activity or being capable of increasing serum platelet counts in a mammal. TPO Is 

1 5 preferably capable of increasing endogenous platelet counts by at least 10%. more 

preferably by 50%. and most preferably capable of elevating platelet counts In a 
human to greater that 150X10^ per liter of blood. 

"Isolated mpl ligand nucleic acid" is RNA or DNA containing greater than 16 and 
preferably 20 or more sequential nucleotide bases that encode biologically active mpl 

2 0 ligand or a fragment thereof, Is complementary to the RNA or DNA, or hybridizes to the 

RNA or DNA and remains stably bound under moderate to stringent conditions. This 
RNA or DNA is free from at least one contaminating source nucleic acid with which It Is 
normally associated in the natural source and preferably substantially free of any 
other mammalian RNA or DNA. The phrase "free from at least one contaminating source 

25 nucleic acid with which It is normally associated" Includes the case where the nucleic 
acid is present In the source or natural cell but Is in a different chromosomal location 
or Is otherwise flanked by nucleic acid sequences not nomially found In the source cell. 
An example of isolated mp/ ligand nucleic acid Is RNA or DNA that encodes a biologically 
active mpl ligand sharing at least 75% sequence identity, more preferably at least 

30 80%, still more preferably at least 85%, even more preferably 90%, and most 
preferably 95% sequence identity with the human, murine or porcine mpl ligand. 

"Control sequences" when referring to expression means DNA sequences 
necessary for the expression of an operably linked coding sequence In a particular host 
organism. The control sequences that are suitable for prokaryotes. for example. 

3 5 include a promoter, optionally an operator sequence, a ribosome binding site, and 

possibly, other as yet poorly understood sequences. Eukaryotic cells are known to 
utilize promoters, polyadenylation signals, and enhancers. 
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"Operably linked" when referring to nucleic acids means that the nucleic acids 
are placed in a functional relationship with another nucleic acid sequence. For 
example, DNA for a presequence or secretory leader is operably linked to DNA for a 
polypeptide if it is expressed as a preprotein that participates in the secretion of the 
5 polypeptide; a promoter or enhancer Is operably linked to a coding sequence If It 
affects the transcription of the sequence; or a ribosome binding site Is operably linked 
to a coding sequence If it is positioned so as to facilitate translation. Generally, 
"operably linked" means that the DNA sequences being linked are contiguous and. in the 
case of a secretory leader, contiguous and in reading phase. However, enhancers do not 
1 0 have to be contiguous. Linking is accomplished by ligation at convenient restriction 
sites. If such sites do not exist, the synthetic oligonucleotide adaptors or linkers are 
used in accord with conventional practice. 

"Exogenous" when referring to an element means a nucleic acid sequence that 
is foreign to the cell, or homologous to the cell but In a position within the host cell 

1 5 nucleic acid in which the element is ordinarily not found. 

"Cell," "cell line," and "cell culture" are used interchangeably herein and such 
designations include all progeny of a cell or cell line. Thus, for example, terms like 
"transformants" and "transfonned cells" include the primary subject cell and cultures 
derived therefrom without regard for the number of transfers. It Is also understood 

2 0 that all progeny may not be precisely identical in DNA content, due to deliberate or 

inadvertent mutations. Mutant progeny that have the same function or biological 
activity as screened for in the originally transformed cell are included. Where 
distinct designations are intended, it will be clear from the context. 

"Plasmlds" are autonomously replicating circular DNA molecules possessing 

2 5 Independent origins of replication and are designated herein by a lower case "p" 

preceded and/or followed by capital letters and/or numbers. The starting plasmtds 
herein are either commercially available, publicly available on an unrestricted basis, 
or can be constructed from such available plasmlds in accordance with published 
procedures. In addition, other equivalent plasmlds are known in the art and will be 

3 0 apparent to the ordinary artisan. 

"Restriction enzyme digestion" when referring to DNA means catalytic cleavage 
of intemal phosphodiester bonds of DNA with an enzyme that acts only at certain 
locations or sites in the DNA sequence. Such enzymes are called "restriction 
endonucleases". Each restriction endonuclease recognizes a specific DNA sequence 
35 called a "restriction site" that exhibits two-fold symmetry. The various restriction 
enzymes used herein are commercially available and their reaction conditions, 
cofactors, and other requirements as established by the enzyme suppliers are used. 
Restriction enzymes commonly are designated by abbreviations composed of a capital 
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letter followed by other letters representing the microorganism from which each 
restriction enzyme originally was obtained and then a number designating the 
particular enzyme. In general, about 1 \ig of plasmid or DNA fragment is used with 
about 1-2 units of enzyme in about 20 ^1 of buffer solution. Appropriate buffers and 
5 substrate amounts for particular restriction enzymes are specified by the 
manufacturer. Incubation of about 1 hour at 37°C is ordinarily used, but may vary in 
accordance with the supplier's instructions. After incubation, protein or polypeptide 
Is removed by extraction with phenol and chloroform, and the digested nucleic acid is 
recovered from the aqueous fraction by precipitation with ethanol. Digestion with a 

1 0 restriction enzyme may be followed with bacterial alkaline phosphatase hydrolysis of 

the terminal 5* phosphates to prevent the two restriction-cleaved ends of a DNA 
fragment from "circularizing" or forming a closed loop that would impede insertion of 
another DNA fragment at the restriction site. Unless othenwise stated, digestion of 
plasmids is not followed by 5* terminal dephosphorylation. Procedures and reagents 

15 for dephosphorylation are conventional as described in sections 1.56-1.61 of 
Sambrook et ai, Molecular Cloning: A Laboratory Manual [New York: Cold Spring 
Harbor l_aboratory Press, 1989]. 

"Recovery" or "isolation" of a given fragment of DNA from a restriction digest 
means separation of the digest on polyacrylamide or agarose gel by electrophoresis, 

20 identification of the fragment of interest by comparison of Its mobility versus that of 
marker DNA fragments of known molecular weight, removal of the gel section 
containing the desired fragment, and separation of the gel from DNA. This procedure is 
known generally. For example, see Lawn et al.. Nucleic Acids Res., 9:6103-6114 
[1981], and Goeddel et aL, Nucleic Acids Res., 8:4057 [1980]. 

2 5 "Southern analysis" or "Southern blotting" is a method by which the presence 

of DNA sequences in a restriction endonuclease digest of DNA or DNA-containing 
composition Is confirmed by hybridization to a known, labeled oligonucleotide or DNA 
fragment. Southern analysis typically involves electrophoretic separation of DNA 
digests on agarose gels, denaturatlon of the DNA after electrophoretic separation, and 

30 transfer of the DNA to nitrocellulose, nylon, or another suitable membrane support 
for analysis with a radiolabeled, biotinylated, or enzyme-labeled probe as described in 
sections 9.37-9.52 of Sambrook et al., supra, 

"Northern analysis" or "Northem blotting" is a method used to identify RNA 
sequences that hybridize to a known probe such as an oligonucleotide, DNA fragment, 

35 cDNA or fragment thereof, or RNA fragment. The probe is labeled with a radioisotope 
such as 32p^ or by biotinylation. or with an enzyme. The RNA to be analyzed is usually 
electrophoretically separated on an agarose or polyacrylamide gel, transferred to 
nitrocellulose, nylon, or other suitable membrane, and hybridized with the probe. 
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using standard techniques well known in the art such as those described in sections 
7.39-7.52 of Sambrook et aL, supra, 

"Ligation" is the process of forming phosphodiester bonds between two nucleic 
acid fragments. For ligation of the two fragments, the ends of the fragments must be 
5 compatible with each other. In some cases, the ends will be directly compatible after 
endonuclease digestion. However, it may be necessary first to convert the staggered 
ends commonly produced after endonuclease digestion to blunt ends to make them 
compatible for ligation. For blunting the ends, the DNA is treated in a suitable buffer 
for at least 15 minutes at 15X with about 10 units of the Klenow fragment of DNA 

1 0 polymerase I or T4 DNA polymerase in the presence of the four deoxyribonucleotide 
triphosphates. The DNA is then purified by phenol-chloroform extraction and ethanol 
precipitation. The DNA fragments that are to be ligated together are put in solution In 
about equimolar amounts. The solution will also contain ATP, ligase buffer, and a 
ligase such as T4 DNA ligase at about 10 units per 0.5 (ig of DNA. If the DNA is to be 

1 5 ligated into a vector, the vector is first linearized by digestion with the appropriate 
restriction endonuclease(s). The linearized fragment is then treated with bacterial 
alkaline phosphatase or calf intestinal phosphatase to prevent self-ligation during the 
ligation step. 

Preparation" of DNA from cells means isolating the plasmid DNA from a 

20 culture of the host cells. Commonly used methods for DNA preparation are the large- 
and small-scale plasmid preparations described in sections 1.25-1.33 of Sambrook et 
ai, supra. After preparation of the DNA, It can be purified by methods well known In 
the art such as that described in section 1.40 of Sambrook ef a/., supra. 

"Oligonucleotides" are short-length, single- or double-stranded 

25 polydeoxynucleotides that are chemically synthesized by known methods (such as 
phosphotriester, phosphite, or phosphoramldite chemistry, using solid-phase 
techniques such as described in EP 266,032 published 4 May 1988, or via 
deoxynucleoside H-phosphonate Intermediates as described by Froehler ef a/., Nucl. 
Acids fles., 14:5399-5407 [1986]). Further methods Include the polymerase chain 

3 0 reaction defined below and other autoprimer methods and oligonucleotide syntheses on 
solid supports. All of these methods are described in Engels ef a/., Agnew. Chem. Ir^t 
Ed. Enflf/,, 28:716-734 (1989). These methods are used If the entire nucleic acid 
sequence of the gene Is known, or the sequence of the nucleic acid complementary to the 
coding strand is available. Alternatively, If the target amino acid sequence is known, 

35 one may infer potential nucleic acid sequences using known and preferred coding 
residues for each amino acid residue. The oligonucleotides are then purified on 
polyacrylamide gels. 
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"Polymerase chain reaction" or "PGR" refers to a procedure or technique in 
which minute amounts of a specific piece of nucleic acid, RNA and/or DNA, are 
amplified as described In U.S. Patent No. 4,683,195 issued 28 July 1987. Generally, 
sequence information from the ends of the region of interest or beyond needs to be 
5 available, such that oligonucleotide primers can be designed; these primers will be 
Identical or similar in sequence to opposite strands of the template to be amplified. The 
5* terminal nucleotides of the two primers may coincide with the ends of the amplified 
material. PGR can be used to amplify specific RNA sequences, specific DNA sequences 
from total genomic DNA. and cDNA transcribed from total cellular RNA, bacteriophage 

1 0 or plasmid sequences, etc. See generally Mullis et aL, Cold Spring Harbor Symp. 

Quant S/o/., 51:263 [1987]; Eriich, ed.. PCR Technology, (Stockton Press, NY. 
1989), As used herein, PCR is considered to be one, but not the only, example of a 
nucleic acid polymerase reaction method for amplifying a nucleic acid test sample 
comprising the use of a known nucleic acid as a primer and a nucleic acid polymerase 
15 to amplify or generate a specific piece of nucleic acid. 

"Stringent conditions" are those that (1) employ low ionic strength and high 
temperature for washing, for example. 0.015 M NaGl/O.OOIS M sodium citrate/0.1% 
NaDodS04 (SOS) at 50**C, or (2) employ during hybridization a denaturing agent such 
as formamide, for example, 50% (vol/vol) formamlde with 0.1% bovine serum 

2 0 albumin/0.1% Ficoll/0.1% polyvinylpyrrolidone/50 mM sodium phosphate buffer at 

pH 6,5 with 750 mM NaCI, 75 mM sodium citrate at 42X. Another example is use of 
50% fonnamide, 5 x SSC (0.75 M NaCI. 0.075 M sodium citrate), 50 mM sodium 
phosphate (pH 6.8), 0.1% sodium pyrophosphate, 5 x Denhardfs solution, sonicated 
salmon sperm DNA (50 jig/ml), 0.1% SDS, and 10% dextran sulfate at 42°C. with 

2 5 washes at 42°C in 0.2 x SSC and 0.1 % SDS. 

■Moderately stringent conditions" are described in Sambrook et al., supra, and 
include the use of a washing solution and hybridization conditions {e.g., temperature, 
Ionic strength, and %SDS) less stringent than described above. An example of 
moderately stringent conditions are conditions such as overnight incubation at 37**C in 
30 a solution comprising: 20% formamlde. 5 X SSC (150 mM NaCI, 15 mM trisodium 
citrate), 50 mM sodium phosphate (pH 7.6), 5 X Denhardfs solution. 10% dextran 
sulfate, and 20 \iVml denatured sheared salmon sperm DNA. followed by washing the 
filters in 1 X SSC at about 37-50''C. The skilled artisan will recognize how to adjust 
the temperature, ionic strength etc, as necessary to accommodate factors such as probe 

3 5 length and the like. 

"Antibodies" (Abs) and "immunoglobulins" (Igs) are glycoproteins having the 
same structural characteristics. While antibodies exhibit binding specificity to a 
specific antigen, immunoglobulins include both antibodies and other antibody-like 
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molecules which lack antigen specificity. Polypeptides of the latter kind are, for 
example, produced at low levels by the lymph system and at increased levels by 
myelomas. 

"Native antibodies and immunoglobulins" are usually heterotetrameric 
5 glycoproteins of about 150,000 daltons, composed of two identical light (L) chains and 
two identical heavy (H) chains. Each light chain is linked to a heavy chain by one 
covalent disulfide bond, while the number of disulfide linkages varies between the 
heavy chains of different immunoglobulin isotypes. Each heavy and light chain also has 
regularly spaced intrachain disulfide bridges. Each heavy chain has at one end a 

1 0 variable domain (V^) followed by a number of constant domains. Each light chain has a 
variable domain at one and (yQ and a constant domain at Its other end; the constant 
domain of the light chain Is aligned with the first constant domain of the heavy chain, 
and the light chain variable domain is aligned with the variable domain of the heavy 
chain. Particular amino acid residues are believed to form an Interface between the 

15 light and heavy chain variable domains (Clothia et al., J/ MoL S/o/., 186:651-663 
11985]; Novotny and Haber, Proc. NatL Acad, ScL t;S>\, 82:4592-4596 [1985]). 

The term "variable" refers to the fact that certain portions of the variable 
domains differ extensively in sequence among antibodies and are used in the binding and 
specificity of each particular antibody for its particular antigen. However, the 

20 variability is not evenly distributed through the variable domains of antibodies. It is 
concentrated in three segments called complementarity detenmining regions (CDRs) or 
hypervariable regions both in the light chain and the heavy chain variable domains. 
The more highly conserved portions of variable domains are called the framework 
(FR). The variable domains of native heavy and light chains each comprise four PR 

25 regions, largely adopting a p-sheet configuration, connected by three CDRs, which 
form loops connecting, and in some cases forming part of, the p-sheet structure. The 
CDRs in each chain are held together in close proximity by the FR regions and, with the 
CDRs from the other chain, contribute to the formation of the antigen binding site of 
antibodies (see Kabat et aL, Sequences of Proteins of Immunological Interest, National 

30 Institute of Health, Bethesda, MD [1987]). The constant domains are not involved 
directly in binding an antibody to an antigen, but exhibit various effector functions, 
such as participation of the antibody in antibody-dependent cellular toxicity. 

Papain digestion of antibodies produces two Identical antigen binding fragments, 
called "Fab" fragments, each with a single antigen binding site, and a residual "Fc" 

35 fragment, whose name reflects its ability to crystallize readily. Pepsin treatment 
yields an F(ab')2 fragment that has two antigen combining sites and is still capable of 

cross-linking antigen. 



wo 95/18858 PCT/US94/14553 

"Fv* is the minimum antibody fragment which contains a complete antigen 
recognition and binding site. This region consists of a dimer of one heavy and one light 
chain variable domain in tight, non-covalent association. It is in this configuration 
that the three CDRs of each variable domain interact to define an antigen binding site on 
5 the surface of the V^-Vl dimer. Collectively, the six CDRs confer antigen binding 
specificity to the antibody. However, even a single variable domain (or half of an Fv 
comprising only three CDRs specific for an antigen) has the ability to recognize and 
bind antigen, although at a lower affinity than the entire binding site. 

The Fab fragment also contains the constant domain of the light chain and the 
10 first constant domain (CHI) of the heavy chain. Fab' fragments differ from Fab 
fragments by the addition of a few residues at the carboxy temiinus of the heavy chain 
CHI domain including one or more cysteines from the antibody hinge region. Fab'-SH 
Is the designation herein for Fab* in which the cysteine residue(s) of the constant 
domains bear a free thiol group. F(ab')2 antibody fragments originally were produced 

1 5 as pairs of Fab' fragments which have hinge cysteines between them. Other, chemical 

couplings of antibody fragments are also known. 

The "light chains" of antibodies (immunoglobulins) from any vertebrate 
species can be assigned to one of two clearly distinct types, called kappa and lambda 
(X), based on the amino add sequences of their constant domains. 

2 0 Depending on the amino acid sequence of the constant domain of their heavy 

chains, Immunoglobulins can be assigned to different classes. There are five major 
classes of Immunoglobulins: IgA. IgD, IgE, IgG and IgM, and several of these may be 
further divided Into subclasses (isotypes), e.g., lgG-1, lgG-2, lgG-3. and lgG-4; IgA- 
1 and lgA-2. The heavy chain constant domains that correspond to the different classes 

25 of Immunoglobulins are called a, delta, epsilon, y, and \i, respectively. The subunit 
structures and three-dimensional configurations of different classes of 
immunoglobulins are well known. 

The term "anfibody" is used In the broadest sense and specifically covers single 
monoclonal antibodies (Including agonist and antagonist antibodies), antibody 

30 compositions with polyepitopic specificity, as well as antibody fragments (e.g.. Fab, 
F(ab*)2, and Fv), so long as they exhibit the desired biological activity. 

The term "monoclonal antibody" as used herein refers to an antibody obtained 
from a population of substantially homogeneous antibodies, i.e., the Individual 
antibodies comprising the population are identical except for possible naturally 

35 occumng mutations that may be present in minor amounts. Monoclonal antibodies are 
highly specific, being directed against a single antigenic site. Furthermore. In 
contrast to conventional (polyclonal) antibody preparations which typically include 
different antibodies directed against different determinants (epitopes), each 
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monoclonal antibody is directed against a single determinant on the antigen. In addition 
to their specificity, the monoclonal antibodies are advantageous in that they are 
synthesized by the hybridoma culture, uncontaminated by other immunoglobulins. The 
modifier "monoclonal" indicates the character of the antibody as being obtained from a 
5 substantially homogeneous population of antibodies, and is not to be construed as 
requiring production of the antibody by any particular method. For example, the 
monoclonal antibodies to be used In accordance with the present Invention may be made 
by the hybridoma method first described by Kohier & Milstein, Nature, 256:495 
(1975), or may be made by recombinant ONA methods (see, e.g., U.S. Patent No. 
10 4.816,567 [Cabllly et a/.]). 

The monoclonal antibodies herein specifically include "chimeric" antibodies 
(immunoglobulins) in which a portion of the heavy and/or light chain Is Identical with 
or homologous to corresponding sequences in antibodies derived from a particular 
species or belonging to a particular antibody class or subclass, while the remainder of 

1 5 the chaln(s) is Identical with or homologous to corresponding sequences in .antibodies 

derived from another species or belonging to another antibody class or subclass, as 
well as fragments of such antibodies, so long as they exhibit the desired biological 
activity (U.S. Patent No. 4,816,567 (Cabilly et a/.); and Morrison et aL, Proc. NatL 
Acad. ScL yS>», 81:6851-6855 [1984]), 

2 0 "Humanized" forms of non-human (e.g., murine) antibodies are chimeric 

immunoglobulins, immunoglobulin chains or fragments thereof (such as Fv, Fab, Fab*, 
F(ab')2 or other antigen-binding subsequences of antibodies) which contain minimal 

sequence derived from non-human immunoglobulin. For the most part, humanized 
antibodies are human immunoglobulins (recipient antibody) in which residues from a 
25 complementary determining region (CDR) of the recipient are replaced by residues 
from a CDR of a non-human species (donor antibody) such as mouse, rat or rabbit 
having the desired specificity, affinity and capacity. In some Instances, Fv framework 
residues of the human immunoglobulin are replaced by corresponding non-human 
residues. Furthemiore, humanized antibody may comprise residues which are found 

3 0 neither in the recipient antibody nor in the Imported CDR or framework sequences. 

These modifications are made to further refine and optimize antibody performance. In 
general, the humanized antibody will comprise substantially all of at least one. and 
typically two, variable domains, in which all or substantially all of the CDR regions 
correspond to those of a non-human immunoglobulin and all or substantially all of the 
35 FR regions are those of a human immunoglobulin consensus sequence. The humanized 
antibody optimally also will comprise at least a portion of an immunoglobulin constant 
region (Fc), typically that of a human Immunoglobulin. For further details see: Jones 
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et aL, Nature. 321:522-525 [1986]; Reichmann ef a/., Wafure, 332:323-329 
[1988]; and Presta, Curr. Op. Struct. Biol., 2:593-596 [1992]). 

"Non-immunogenic in a human" means that upon contacting the polypeptide in a 
phamiaceutically acceptable carrier and in a therapeutically effective amount with the 
5 appropriate tissue of a human, no state of sensitivity or resistance to the polypeptide 
is demonstratable upon the second administration of the polypeptide after an 
appropriate latent period {e.g., 8 to 14 days). 

II. Preferred Embodiments of the Invention 

10 Preferred polypeptides of this Invention are substantially homogeneous 

polypeptide(s), referred to as mpl ligand(s) or thrombopoletin (TPO), that possesse 
the property of binding to mpl, a member of the receptor cytokine superfamlly, and 
having the biological property of stimulating the incorporation of labeled nucleotides 
(3H-thymldine) into the DNA of IL-3 dependent Ba/F3 cells transfected with human 

1 5 mpl P. More preferred mpl ligand(s) are isolated mammalian proteln(s) having 
hematopoietic, especially megakaryocytopoietic or thrombocytopoietic activity - 
namely, being capable of stimulating proliferation, maturation and/or differentiation 
of immature megakaryocytes or their predecessors into the mature platelet-producing 
form. Most preferred polypeptides of this Invention are human mpl ligand(s) 

20 Including fragments thereof having hematopoietic, megakaryocytopoietic or 
thrombopoietic activity. Optionally these human mpl ligand(s) lack glycosylation. 
Other prefered human mp/ligands are the "EPO-domaln" of hML refered to as hMLiss 
or hTPOi53. a truncated form of hML refered to as hML245 or hTP0245 and the 
mature full length polypeptide having the amino acid sequence shown in Fig. 1 (SEQ 

25 ID NO:,1). refered to as hML. hML332 or hTP0332 and the biolocically active 
substitutional variant hML(R153A, R154A). 

Optional preferred polypeptides of this invention are biologically or 
Immunologically active mpl ligands variants selected from hML2, hML3, hML4. mML. 
mML2, mML3, pML and pML2. 

30 Optional prefen-ed polypeptides of this Invention are biologically active mpl 

ligand variant(s) that have an amino acid sequence having at least 70% amino acid 
sequence identity with the human mpl ligand (see Rg. 1 [SEQ ID NO: IJ). the murine 
mpl ligand (see Fig. 16 (SEQ ID NOS: 12 & 13]). the recombinant porcine /np/ ligand 
(see Fig. 19 [SEQ ID NO: 18]) or the porcine mpl ligand isolated from aplastic 

35 porcine plasma, preferably at least 75%, more preferably at least 80%, still more 
. preferably at least 85%, even more preferably at least 90%, and most preferably at 
least 95%. 
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The mpl ligand isolated from aplastic porcine plasma has the following 
characteristics: 

( 1 ) The partially purified ligand elutes from a gel filtration column run in 
either PBS, PBS containing 0.1% SDS or PBS containing 4M MgCl2 with Mr of 
5 60,000-70.000; 

( 2 ) The ligand*s activity Is destroyed by pronase; 

( 3 ) The ligand is stable to low pH (2.5), SDS to 0.1%, and 2M urea; 

( 4 ) The ligand is a glycoprotein, based on its binding to a variety of lectin 
columns; 

10 ( 5 ) The highly purified ligand elutes from non-reduced SDS-PAGE with a 

Mr of 25.000-35,000. Smaller amounts of activity also elute with Mr of --18,000- 
22,000 and 60,000; 

( 6 ) The highly purified ligand resolves on reduced SDS-PAGE as a doublet 
with Mr of 28,000 and 31,000; 
15 (7) The amino-terminal sequence of the 18,000-22,000, 28,000 and 

31.000 bands is the same - SPAPPACDPRIXNKLLRDDHVl-HGR (SEQ ID NO: 29); and 
( 8 ) The ligand binds and elutes from the following affinity columns 
Blue-Sepharose, 
CM Blue-Sepharose, 
20 MONCMJ, 

MONO-S, 

Lentil lectin-Sepharose, 
WGA-Sepharose, 
Con A-Sepharose, 
25 Ether 650m Toyopearl. 

Butyl 650 m Toyopeari, 
Phenyl 650m Toyopeari, and 
Phenyl-Sepharose. 

More preferred mpl ligand polypeptides are those encoded by human genomic or 
30 cDNA having an amino add sequence described in Fig. 1 (SEQ ID NO: 1). 

Other preferred naturally occurring biologically active mpl ligand 
polypeptides of this invention include prepro-mp/ ligand, pro-mpi ligand, mature mpl 
ligand, mpl ligand fragments and glycosylation variants thereof. 

Stilt other prefenred polypeptides of this invention include mpl ligand sequence 
35 variants and chimeras. Ordinarily, preferred mpl ligand sequence variants and 
chimeras are biologically active mpl ligand variants that have an amino acid sequence 
having at least 70% amino acid sequence identity with the human mpl ligand or the mpl 
ligand isolated from aplastic porcine plasma, preferably at least 75%. more 
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preferably at least 80%, stilt more preferably at least 85%, even more preferably at 
least 90%. and most preferably at least 95%. An exemplary preferred mpl ligand 
variant is a N-terminal domain hML variant (refered to as the "EPO-domain" because 
of its sequence homology to erythropoietin). The prefered hML EPO-domain 
5 comprises about the first 153 amino acid residues of mature hML and is refered to as 
hMLi53. An optionally prefered hML sequence variant comprises one in which one or 
more of the basic or dibasic amino acid residue(s) In the C-terminal domain Is 
substituted with a non-basic amino acid residue{s) (e.g., hydrophobic, neutral, acidic, 
aromatic, Gly, Pro and the like), A prefered hML C-terminal domain sequence variant 

1 0 comprises one in which Arg residues 153 and 154 are replaced with Ala residues. 
This variant is refered to as hML332(R153A, R154A). An alternative prefered hML 
variant comprises either hML332 or hMLi53 in which amino residues 111-114 
(QLPP or LPPQ) are deleted or replaced with a diferent tetrapeptide sequence(e.gf. 
AGAG or the like). The foregoing deletion mutants are refered to as A4hML332 or 

15 A4hMLi53. 

A preferred chimera is a fusion between mpl ligand or fragment (defined 
below) thereof with a heterologous polypeptide or fragment thereof. For example. 
hMLi53 may be fused to an IgG fragment to improve serum half-life or to IL-3. G- 
CSF or EPO to produce a molecule with inhanced thrombopoietic or chimeric 

20 hematopoietic activity. 

An alternative preferred human mpl ligand chimera is a "ML-EPO domain 
chimera" that consists of the N-terminus 153 to 157 hML residues substituted with 
one or more, but not all, of the human EPO residues approximatefy aligned as shown In 
Fig. 10 (SEQ ID NO: 7). In this embodiment, the hML chimera would be about 153- 

25 166 residues in length in which individual or blocks of residues from the human EPO 
sequence are added or substituted into the hML sequence at positions corresponding to 
the alignment shown In Fig. 10 (SEQ ID NO: 6), Exemplary block sequence inserts 
into the N-terminus portion of hML would include one or more of the N-giycosylation 
sites at positions (EPO) 24-27, 38-40, and 83-85; one or more of the four 

30 predicted amphipathic a-helical bundles at positions (EPO) 9-22, 59-76, 90-107. 
and 132-152; and other highly conserved regions Including the N-tenminus and G- 
terminus regions and residue positions (epo) 44-52 (see e.g,, Wen et aL, Blood, 
82:1507-1516 [1993] and Boissel et aL, J, BloL Chem., 268(21):15983-15993 
[1993]). It is contemplated this 'ML-EPO domain chimera" will have mixed 

35 thrombopoietic-erythropoletic (TEPO) biological activity. 

Other preferred polypeptides of this invention include mpl ligand fragments 
having a consecutive sequence of at least 10, 15, 20, 25, 30, or 40 amino acid 
residues that are identical to the sequences of the mpl ligand Isolated from aplastic 
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porcine plasma or the human mpl tigand described herein (see e.g. Table 14, 
Example 24). A preferred /np/ ligand fragment is human ML[1-X] where X is 153, 
164. 191. 205. 207, 217, 229, or 245 (see Fig. 1 ISEQ ID NO: 1] for the sequence 
of residues 1-X). Other preferred mp/ ligand fragments include those produced as a 
5 result of chemical or enzymatic hydroiysis or digestion of the purified ligand. 

Another preferred aspect of the invention is a method for purifying mpl ligand 
molecules comprises contacting a mpl ligand source containing the mpl ligand 
molecules with an immobilized receptor polypeptide, specifically mpl or a mpl fusion 
polypeptide, under conditions whereby the mpl ligand molecules to be purified are 
1 0 selectively adsorbed onto the immobilized receptor polypeptide, washing the 
immobilized support to remove non-adsorbed material, and etuting the molecules to be 
purified from the immobilized receptor polypeptide with an elution buffer. The source 
containing the mpl ligand may be plasma where the immobilized receptor is preferably 
a mpMgG fusion. 

1 5 Alternatively, the source containing the mpl ligand is recombinant cell culture 

where the concentration of mpl ligand in either the culture medium or in cell lysates 
is generally higher than in plasma or other natural sources. In this case the above 
described mpZ-IgG immunoaffinity method, while still useful, is usually not necessary 
and more traditional protein purification methods known in the art may be applied. 

20 Briefly, the preferred purification method to provide substantially homogeneous mpl 
ligand comprises: removing particulate debris, either host cells or lysed fragments 
by, for example, centrifugation or ultrafiltration; optionally, protien may be 
concentrated with a commercially available protein concentration filter; followed by 
separating the ligand from other impurities by one or more steps selected from; 

25 immunoaffinity, ion-exchange {e.g., DEAE or matricies containing carboxymethyl or 
sulfopropyl groups), Blue-Sepharose, CM Blue*Sepharose. MONO-Q, MONO-S, lentil 
lectin-Sepharose, WGA-Sepharose, Con A-Sepharose, Ether Toypearl, Butyl Toypearl, 
Phenyl Toypearl. protein A Sepharose, SDS-PAGE, reverse phase HPLC (e.g., silica gel 
with appended aliphatic groups) or Sephadex molecular seive or size exclusion 

3 0 chromatography, and ethanol or ammonium sulfate precipitation. A protease inhibitor 
such as methylsulfonylfluoride (PMSF) may be included in any of the foregoing steps 
to inhibit proteolysis. 

In another preferred embodiment, this invention provides an isolated antibody 
capable of binding to the mpl ligand. A prefen-ed mpl ligand Isolated antibody is 

35 monoclonal (Kohler and Milstein, Nature, 256:495-497 [1975]; Campbell, 
Laboratory Techniques In Biochemistry and Molecular Biology, Burden et aL, Eds, 
Volume 13, Elsevier Science Publisrers, Amsterdam [19851; and Huse et aL, Science, 
246:1275-1281 [1989]). Preferred mpl ligand Isolated antibody is one that binds 
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to mpl ligand with an affinity of at least about 10^ I/mole. More preferably the 
antibody binds with an affinity of at least about 10^ |/mole. Most preferably, the 
antibody is raised against the mpl ligand having one of the above described effector 
functions. The isolated antibody capable of binding to the mpl ligand may optionally be 
5 fused to a second polypeptide and the antibody or fusion thereof may be used to isolate 
and purify mpl ligand from a source as described above for immobilized mpl 
polypeptide. In a further preferred aspect of this embodiment, the invention provides 
a method for detecting the mpl ligand in vitro or in vivo comprising contacting the 
antibody with a sample, especially a serum sample, suspected of containing the ligand 
1 0 and detecting If binding has occun-ed. 

In still further preferred embodiments, the invention provides an isolated 
nucleic acid molecule encoding the mpl ligand or fragments thereof, which nucleic acid 
molecule may be labeled or unlabeled with a detectable moiety, and a nucleic acid 
molecule having a sequence that is complementary to, or hybridizes under stringent or 

1 5 moderately stringent conditions with, a nucleic acid molecule having a sequence 

encoding a mp/ ligand. A preferred mpl ligand nucleic acid is RNA or DNA that encodes 
a biologically active mpl ligand sharing at least 75% sequence identity, more 
preferably at least 80%, still more preferably at least 85%, even more preferably 
90%, and most preferably 95% sequence identity with the human mpl ligand. More 
20 preferred Isolated nucleic, acid molecules are DNA sequences encoding biologically 
active mpl ligand, selected from: (a) DNA based on the coding region of a mammalian 
mpl ligand gene {e.g., DNA comprising the nucleotide sequence provided in Fig. 1 (SEQ 
ID NO: 2), or fragments thereof); (b) DNA capable of hybridizing to a DNA of (a) 
under at least moderately stringent conditions; and (c) DNA that is degenerate to a DNA 

2 5 defined in (a) or (b) which results from degeneracy of the genetic code. It is 

contemplated that the novel mpl ligands described herein may be members of a family 
of ligands or cytokines having suitable sequence identity that their DNA may hybridize 
with the DNA of Fig. 1 (SEQ ID NO: 2) (or the complement or fragments thereof) 
under low to moderate stringency conditions. Thus a further aspect of this invention 

30 Includes DNA that hybridizes under low to moderate stringency conditions with DNA 
encoding the mpl ligand polypeptides. 

In a further preferred embodiment of this invention, the nucleic acid molecule 
is cDNA encoding the mpl ligand and further comprises a replicable vector in which the 
cDNA is operably linked to control sequences recognized by a host transformed with the 

35 vector. This aspect further Includes host cells transformed with the vector and a 
method of using the cDNA to effect production of mpl ligand, comprising expressing the 
cDNA encoding the mpl ligand in a culture of the transfomied host cells and recovering 
the mpi ligand from the host cell culture. The mpl ligand prepared in this manner Is 
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preferably substantially homogeneous human mpl ligand. A preferred host cell for 
producing mpl ligand Is Chinese hamster ovary (CHO) cells. 

The invention further includes a preferred method for treating a mammal 
having an immunological or hematopoietic disorder, especially thrombocytopenia 
5 comprising administering a therapeutically effective amount of a mpl ligand to the 
mammal. Optionally, the mpl ligand is administered in combination with a cytokine, 
especially a colony stimulating factor or interleukin. Prefenred colony stimulating 
factors or interleukins include; kit-ligand, LIF, G-CSF, GM-CSF, M-CSF, EPO, IL-1, 
IL-2. IL-3. IL-5, IL-6, IL-7, IL-8, IL-9 or IL-11, 

1 0 

III. Methods of Making 

Platelet production has long been thought by some authors to be controlled by 
multiple lineage specific humoral factors. It has been postulated that two distinct 
cytokine activities, referred to as megakaryocyte colony-stimulating factor (meg- 
1 5 CSF) and thrombopoietin. regulate megakaryocytopoiesis and thrombopoiesis 
(Williams et ai, J. Cell Phys/o/., 110:101-104 [1982]; Williams et aL, Blood 
Cells, 15:123-133 [1989]; and Gordon et aL, fl/ood, 80:302-307 [1992]). 
According to this hypothesis, meg-CSF stimulates the proliferation of progenitor 
megakaryocytes while thrombopoietin primarily affects maturation of more 

2 0 differentiated cells and ultimately platelet release. Since the 1960's the induction and 

appearance of both meg-CSF and thrombopoietin activities in the plasma, serum and 
urine of animals and humans following thrombocytopenic episodes has been well 
documented (Odell et aL, Proc, Soc. Exp. Biol Aferf., 108:428-431 [1961]; Nakeff et 
aL,Acta Haematol., 54:340-344 [1975]; Specter, Proc. Soc, Exp. fl/o/., 108:146- 
25 149 [1961]; Schreiner ef a/., J. C//n./nves/., 49:1709-1713 [1970]; Ebbe, Blood, 
44:605-608 [1974]; Hoffman et aL, N. Engl. J. Med, 305:533 [1981]; Straneva et 
aL,Exp. He/nafo/., 17:1122-1127 [1988]; Mazur et aL, Exp. Hemafo/., 13:1 164 
[1985]; IWIazur et aL, J.Clin, /nvesf., 68:733-741 [1981]; Shelner et aL, Blood, 
56:183-188 [1980]; Hill et aL, Exp. HematoL, 20:354-360 [1992]; and Hegyi et 

3 0 aL, Int. J. Cell Cloning, 8:236-244 [1990]). These activities were reported to be 

lineage specific and distinct from known cytokines (Hill RJ. et aL, Blood 80:346 
(1992); Erickson-Miller C.L et aL, Brit. J. Hae/nafo/., 84:197-203 (1993); 
Straneva J.E. et aL, Exp. HematoL 20:4750(1992); and Tsukada J. et aL, Blood 
81:866-867 [1993]). Heretofore, attempts to purify meg-CSF or thrombopoietin 
3 5 from thrombocytopenic plasma or urine have been unsuccessful. 

Consistent with the above observations describing thrombocytopenic plasma, 
we have found that aplastic porcine plasma (APP) obtained from irradiated pigs 
stimulates human megakaryocytopoiesis in vitro. We have found that this stimulatory 
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activity is abrogated by the soluble extracellular domain of c-mp/, confirming APP as 
a potential source of tlie putative mpl ligand (ML). We have now successfully purified 
the mpl ligand from APP and amino acid sequence information was used to isolate 
murine, porcine and human ML cDNA. These ML*s have sequence homology to 
5 erythropoietin and have both meg-CSF and thrombopoietin-like activities. 

1. Purification and Identification of mpl Ligand from Piasma 

As set forth above, aplastic plasma from a variety of species has been reported 
to contain activities that stimulate hematopolesis in vitro, however no hematopoietic 
1 0 stimulatory factor has previously been reported isolated from plasma. One source of 
aplastic plasma is that obtained from irradiated pigs. This aplastic porcine plasma 
(APP) stimulates human hematopolesis in vitro. To determine If APP contained the 
mpl ligand, its effect was assayed by measuring ^H-thymidine Incorporation Into 
Ba/F3 cells transfected with human mpl P (Ba/F3-mp/ ) by the procedure shown in 

1 5 Fig. 2. APP stimulated 3H-thymidine incorporation into Ba/F3-/np/ cells but not 

Ba/F3 control cells {i.e., not transfected with human mpl P), Additionally, no such 
activity was observed in normal porcine plasma. These results indicated that APP 
contained a factor or factors that transduced a proliferative signal through the mpl 
receptor and therefore might be the natural ligand for this receptor. This was futher 

2 0 supported by the finding that treatment of APP with soluble mpMgG blocked the 

stimulatory effects of APP on Ba/FS-mp/ cells. 

The activity in APP appeared to be a protein since pronase, DTT. or heat 
destroy the activity in APP (Rg. 3). The activity was also non-dlalyzable. The 
activity was, however, stable to low pH (pH 2.5 for 2 hrs.) and was shown to bind and 

2 5 elute from several lectin-affinity columns, indicating that It was a glycoprotein. To 

further elucidate the structure and identity of this activity it was affinity purified 
from APP using a /np/-lgG chimera. 

APP was treated according to the protocol set forth in Examples 1 and 2. 
Briefly, the mpl ligand was purified using hydrophobic interaction chromatography 

3 0 (HIC). Immobilized dye chromatography, and mp/-affinity chromatography. The 

recovery of activity from each step Is shown In Fig. 4 and the fold purification is 
provided in Table 1. The overall recovery of activity through the /npZ-affinity 
column was approximately 10%. The peak activity fraction (F6) from the mpl- 
affinity column has an estimated specific activity of 9.8 xlO® units/mg. The overall 
35 purification from 5 liters of APP was approximately 4 xlO^ fold (0.8 units/mg to 
3.3 x 10® units/mg) with a 83 x lO^-fold reduction in protein (250 gms to 3 jig). 
We estimated the specific activity of the ligand eluted from the mp/-affinity column to 
be -3x1 0® units/mg. 
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TABLE 1 
Purification of mp/ Ligand 



Sample 


Volume 
mis 


Protein 
mg/ml 


Units/ml 


Units 


Specific 
Acitivity 
Units/mg 


Yield 

% 


Fold 
Purification 


APP 


5000 


50 


40 


200.000 


0.8 




1 


Phenyl 


4700 


0.8 


40 


200.000 


50 


94 


62 


Blue-Sep. 


640 


0.93 


400 


256.000 


430 


128 


538 


mpl (jil) 
(Fxns 5-7) 


12 


5x10-4 


1666 


20.000 


3.300.000 


10 


4.100.000 



Protein was determined by the Bradford assay. Protein concentration of /npZ-eluted fractions 
5 5-7 are estimates based on staining Intensity of a silver stained SDS-gel. One unit Is defined 



as that causing 50% maximal stimulation of Ba/F3-mp/ ceil proliferation. 

Analysis of eluted fractions from the mpl affinity column by SDS-PAGE (4- 
1 0 20%, Novex gel) run under reducing conditions, revealed the presence of several 
proteins (Fig. 5). Proteins that silver stained with the strongest intensity resolved 
with apparent Mr of 66,000, 55,000, 30,000, 28,000 and 18,000-22,000. To 
determine which of these proteins stimulated proliferation of Ba/F3-/np/ cell 
cultures, the proteins were eluted from the gel as described in Example 2. 

1 5 The results of this experiment showed that most of the activity eluted from a 

gel slice that included proteins with Mr 28,000-32,000, with lesser activity eluting 
in the 18,000-22,000 region of the gel (Fig. 6). The only proteins visible in these 
regions had Mr of 30,000, 28,000 and 18.000-22,000. To Identify and obtain 
protein sequence for the proteins resolving in this region of the gel (i.e. bands at 30, 

2 0 28 and 18-22 kDa), these three proteins were electroblotted to PVDF and sequenced as 

described in Example 3. Ajnino-terminus sequences obtained are provided In Table 
2. 
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TABLE 2 

Mpl Upand Amino-Termlnus Sequences 



30 kDa 

1 5 10 15 20 25 
(53) r /\f r A(t>)L> rnLLNKLLRuD (H/S) V L H (Q) R L 


(SEQ ID NO: 30) 


28 kOa 

1 5 10 15 20 25 
(S)PAPPAXDPRLLNKLLRDD(H)VL(H)GR 


(SEQ ID NO: 31) 


18-22 kDa 

1 5 10 
XPAPPAXDPRLX(N) (K) 


(SEQ ID NO: 32) 



Computer-assisted analysis revealed these amino acid sequences to be novel. 
5 Because all three sequences were the same, it was believed the 30 kDa, 28 kDa and 
18-22 kDa proteins were related and might be different fomis of the same novel 
protein. Futhermore, this protein(s) was a likely candidate as the natural mpl ligand 
because the activity resolved on SDS-PAGE in the same region (28,000-32,000) of a 
4-20% gel. In addition, the partially purified ligand migrated with a Mr of 17,000- 
1 0 30,000 when subjected to gel filtration chromatography using a Superose 12 
(Pharmacia) column. It is believed the different Mr forms of the ligand are a result of 
proteolysis or glycosylation differences or other post or pre-translational 
modifications. 

As described earlier, antisense human mpl RNA abrogated 

1 5 megakaryocytopolesis in human bone marrow cultures enriched with CD 34+ 

progenitor cells without affecting the differentiation of other hematopoietic cell 
lineages (Methia et aL, supra). This result suggested that the mpl receptor might play 
a role in the differentiation and proliferation of megakaryocytes In vitro. To further 
elucidate the role of the mpl ligand In megakaryocytopolesis. the effects of APR and mpl 

2 0 ligand depleted APP on In vitro human megakaryocytopoiesis was compared. The effect 

of APP on human megakaryocytopoiesis was detemiined using a modification of the 
liquid suspension megakaryocytopoiesis assay described In Example 4. In this assay, 
human peripheral stem cells (PSC) were treated with APP before and after /np/-lgG 
affinity chromatography. GPIIbllla stimulation of megakaryocytopoiesis was 
2 5 quantitated with an ^^SSj.anti-llbllla antibody (Fig. 7). Shown in Fig. 7. 10% APP 
caused approximately a 3-fold stimulation while APP depleted of mpl ligand had no 
effect. Significantly, the mpl ligand depleted APP did not Induce proliferation of the 
Ba/F3-mp/ cells. 
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In another experiment, soluble human /npMgG added at days 0. 2 and 4 to 
cultures containing 10% APP neutralized the stimulatory effects of APP on human 
megakaryocytopoiesis (Fig. 8). These results indicate that the mpl ligand plays a 
role in regulating human megakaryocytopoiesis and therefore may be useful for the 
5 treatment of thrombocytopenia. 

2 . Molecular Cloning of the mpi Ligand 

Based on the amino-terminal amino acid sequence obtained from the 30 kDa, 28 
kDa and 18-22 kDa proteins (see Table 2 above), two degenerate oligonucleotide 
1 0 primer pools were designed and used to amplify porcine genomic DNA by PCR. It was 
reasoned that If the amino-tenninal amino acid sequence was encoded by a single exon 
then the correct PCR product was expected to be 69 bp long. A DNA fragment of this 
size was found and subcloned into pGEMT. The sequences of the oligonucleotide PCR 
primers and the three clones obtained are shown in Example 5. The amino acid 

1 5 sequence (PRLLNKLLR [SEQ ID NO: 33]) of the peptide encoded between the PCR 

primers was identical to that obtained by amino-terminal protein sequencing of the 
porcine ligand (see residues 9-17 for the 28 and 30 kDa porcine protein sequences 
above). 

A synthetic oligonucleotide based on the sequence of the PCR fragment was used 

2 0 to screen a human genomic DNA library. A 45-mer oligonucleotide, designated pR45, 

was designed and synthesized based on the sequence of the PCR fragment This 
oligonucleotide had the following sequence: 

5' GCC-GTG-AAG-GAC-GTG-GTC-GTC-ACG-AAG-CAG-TTT-ATT-TAG-QAG-TCG 3* 

(SEQ ID NO: 34) 

2 5 This deoxyoligonucleotide was used to screen a human genomic DNA library in 

Xgem12 under low stringency hybridization and wash conditions according to 
Example 6. Positive clones were picked, plaque purified and analyzed by restriction 
mapping and southern blotting. A 390 bp EcoRI-Xbal fragment that hybridized to the 
45-mer was subcloned into pBiuescript SK-. DNA sequencing of this clone confirmed 
30 that DNA encoding the human homolog of the porcine mpl ligand had been isolated. The 
human DNA sequence and deduced amino add sequence are shown in Fig. 9 (SEQ ID 
NOS: 3 & 4). The predicted positions of introns in the genomic sequence are also 
indicated by arrows, and define a putative exon (''exon 3"). 

Based on the human "exon 3" sequence (Example 6) oligonucleotides 

3 5 corresponding to the 3' and 5* ends of the exon sequence were synthesized. These 2 

primers were used in PCR reactions employing as a template cDNA prepared from 
various human tissues. The expected size of the correct PCR product was 140 bp. 
After analysis of the PCR products on a 12% polyacrylamide gel, a DNA fragment of the 
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expected size was detected in cDNA libraries prepared from human adult kidney, 293 
fetal kidney cells and cDNA prepared from human fetal liver. 

A fetal liver cDNA library (7x1 0^ clones) in lambda DR2 was next screened 
with the same 45-mer oligonucleotide used to screen the human genomic library and 
5 the fetal liver cDNA library under low stringency hybridization conditions. Positive 
clones were picked, plaque purified and the insert size was detemiined by PGR. One 
clone with a 1.8 kb insert was selected for further analysis. Using the procedures 
described in Example 7 the nucleotide and deduced amino acid sequence of the human 
mpl ligand (hML) were obtained. These sequences are presented in Fig. 1 (SEQ ID 

1 0 NOS: 1 & 2). 

3 . Structure of the Human mpl Ligand (hML) 

The human mpl ligand (hML) cDNA sequence (Fig. 1 [SEQ ID NO: 2]) 
comprises 1774 nucleotides followed by a poly(A) tail. It contains 215 nucleotides of 
16 5* untranslated sequence and a 3' untranslated region of 498 nucleotides. The 
presumed initiation codon at nucleotide position (216-218) is within a consensus 
sequence favorable for eukaryotic translation initiation. The open reading frame Is 
1059 nucleotides long and encodes a 353 amino acid residue polypeptide, beginning at 
nucleotide position 220. The N-terminus of the predicted amino acid sequence is 

2 0 highly hydrophobic and probably corresponds to a signal peptide. Computer analysis of 

the predicted amino acid sequence (von Heijne et aL, Eur. J. Biochem., 133:17-21 
[1983]) indicates a potential cleavage site for signal peptidase between residues 21 
and 22. Cleavage at that position would generate a mature polypeptide of 332 amino 
acid residues beginning with the amino-temiinal sequence obtained from mpl ligand 

2 5 purified from porcine plasma. The predicted non-glycosylated molecular weight of the 
332 amino acid residue ligand is about 38 kDa. There are 6 potential N-glycosylation 
sites and 4 cysteine residues. 

Comparison of the mpl ligand sequence with the Genbank sequence database 
revealed 23% Identity between the amino tenninal 153 residues of mature human mpl 

30 ligand and human erythropoietin (Fig. 10 [SEQ ID NOS: 6 & 7]). When conservative 
substitutions are taken into account, this region of hML shows 50% similarity to 
human erythropoietin (hEPO). Both hEPO and the hML contain four cysteines. Three of 
the 4 cysteines are conserved in hML, including the first and last cysteines. Site- 
directed mutagenesis experiments have shown that the first and last cysteines of 

35 erythropoietin fomri a disulfide bond that Is required for function (Wang, F.F.ef a/., 
Endocr/no/ogy 11 6:2286-2292 [1983]). By analogy, the first and last cysteines of 
hML may also form a critical disulfide bond. None of the glycosylation sites are 
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conserved In hML All potential hML N-linked glycosylation sites are located in the 
carboxy-temninal half of the hML polypeptide. 

Similar to hEPO, the hML mRNA does not contain the consensus polyadenylation 
sequence AAUAAA, nor the regulatory element AUUUA that is present In 3' untranslated 
5 regions of many cytokines and is thought to influence mRNA stability (Shawef a/.. Cell, 
46:659-667 [1986]). Northern blot analysis reveals low levels of a single 1.8 kb 
hML RNA transcript in both fetal and adult liver. After longer exposure, a weaker 
band of the same size could be detected in adult kidney. By comparison, human 
erythropoietin is expressed in fetal liver and, in response to hypoxia, the adult kidney 

10 and liver (Jacobs et aL, A/a fure, 313:804-809 [1985] and Bondurant et al., Molec, 
Cell. B/o/., 6:2731-2733 [1986]). 

The importance of the C-terminal region of the hML remains to be elucidated. 
Based on the presence of the six potential sites for N-linked glycosylation and the 
ability of the ligand to bind lectin-affinity columns, this region of the hML is likely 

1 5 glycosylated. In some gel elutton experiments, we observed activity resolving with a 
Mr around 60,000 which may represent the full length, glycosylated molecule. The 
C-terminal region may therefore act to stabilize and increase the half-life of 
circulating hML. In the case of erythropoietin, the non-glycosylated form has full in 
vitro biological activity, but has a significantly reduced plasma half-life relative to 

20 glycosylated erythropoietin (Takeuchi et aL, J. BioL Che/n., 265:12127-12130 
[1990]; Narhi etaL,J. BioL Cfte/n., 266:23022-23026 [1991] and Splvack et aL, 
Blood, 7:90-99 [1989]). The C-terminal domain of hML contains two di-basic 
amino acid sequences [Arg-Arg motifs at positions 153-154 and 245-246] that could 
serve as potential processing sites. Cleavage at these sites may be responsible for 

25 generating the 30, 28 and 18-22 kDa forms of the ML isolated from APP. 
Significantly, the Argi53-Argi54 sequence occurs immediately following the 
erythropoietin-like domain of the ML. These observations indicate that full length ML 
may represent a precursor protein that undergoes limited proteolysis to generate the 
mature ligand. 

30 

4. Isoforms and Variants of the Human mp/ Ligand 

Isoforms or alternatively spliced forms of human mpl ligand were detected by 
PGR in human adult liver. Briefly, primers were synthesized corresponding to each 
end as well as selected internal regions of the coding sequence of hML. These primers 
3 5 were used in RT-PCR to amplify human adult liver RNA as described In Example 10. 
In addition to the full length forni, designated hML, three other fonns, designated 
hML2, hML3 and hML4, were obsen^ed or deduced. The mature deduced amino add 
sequences of all four isofonms is presented in Fig, 11 (SEQ ID NOS: 6. 8, 9 & 10). 
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hML3 has a 116 nucleotide deletion a position 700 which results in both an amino acid 
deletion and a frameshift. The cDNA now encodes a mature polypeptide that is 265 
amino acid long and diverges from the hML sequence at amino acid residue 139. 
Finally, hML4 has both a 12 nucleotide deletion following nucleotide position 618 
5 (also found in the mouse and the pig sequences [see below]) and the 116 bp deletion 
found in hML3. Altough no clones with only the 12 bp deletion (following nucleotide 
619) have been isolated in the human (designated hML2), this fomi is likely to exist 
because such a isoform has been identified in both the mouse and pig (see below), and 
because It has been identified in conjunction with the116 nucleotide deletion In hML4. 

10 Both a substitutional variant of hML in which the dibasic Argi53-Argi54 

sequence was replaced with two alanine residues and a •EPO-domaIn" truncated form of 
hML were constructed to determine whether the full length ML was necessary for 
biological activity. The Argi53-Argi54 dibasic sequence substitutional variant, 
refered to as hML(R153A, R154A), was constructed using PGR as described in 

1 5 Example 10. The "EPO-domaIn" truncated form, hMLi53. was also made using PGR 
by introducing a stop codon following Arg153. 

5. Expression of Recombinant Human /np/ LIgand (rhML) in 
Transiently Transfected Human Embryonic Kidney (293) 
20 Ceils 

To confirm that the cloned human cDNA encoded a ligand for mp/, the ligand was 
expressed In mammalian 293 cells under the control of the cytomegalovirus Immediate 
early promoter using the expression vectors pRK5-hML or pRKS-hMLisa. 
Supematants from transiently transfected human embryonic Icldney 293 cells were 

25 found to stimulate ^H-thymidine Incorporation In Ba/F3-/np/ cells, but not In 
parental Ba/F3 cells (Fig. 12A). Media from the 293 cells transfected with the pRK 
vector alone did not contain this activity. Addition of /npAIgG to the media abolished 
the stimulation (data not shown). These results show that the cloned cDNA encodes a 
functional human ML (hML). 

3 0 To determine if the "EPO-domain" alone could bind and activate mpl, the 

truncated form of hML, rhML-153. was expressed in 293 cells. Supematants from 
transfected cells were found to have activity similar to that present In supematants 
from cells expressing the full length hML (Fig. 12A). indicating that the C-terminal 
domain of ML is not required for binding and activation of c-mp/ . 

35 
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6 . mp! Ligand Stimulates Megakaryocytopoiesis and 
Thrombopoiesis 

Both the full length itiML and the truncated rhML-153 forms of recombinant 

hML stimulated human megakaryocytopoiesis in vitro (Fig. 12B). This effect was 
5 observed in the absence of other exogenously added hematopoietic growth factors. With 
the exception of IL-3, the ML was the only hematopoietic growth factor tested that 
exhibited this activity. IL-11, IL-6, IL-1, erythropoietin, G-CSF, IL-9, UP, kit 
Ilgand (KL), M-CSF, OSM and GM-CSF had no effect on megakaryocytopoiesis when 
tested separately in our assay (data not shown). This result demonstrates that the ML 

1 0 has megakaryocyte-stimutating activity, and indicates a role for ML In regulating 
megakaryocytopoiesis. 

Thrombopoietic activities present in plasma of thrombocytopenic animals have 
been shown to stimulate platelet production in a mouse rebound thrombocytosis assay 
(McDonald, Proc. Soc. Exp. Biol. Afed, 14:1006-1001 [1973] and McDonald ef a/., 

15 Scand. J. Haemafo/., 16:326*334 [1976]). In this model mice are made acutely 
thrombocytopenic using specific antiplatelet serum, resulting in a predictable rebound 
thrombocytosis. Such immuno-thrombocythemic mice are more responsive to 
exogenous thrombopoietin-Itke activities than are normal mice (McDonald, Proc. Soc. 
Exp. Biol. Med., 14:1006-1001 [1973]), just as exhypoxic mice are more sensitive 

20 to erythropoietin than normal are mice (McDonald, et ai., J. Ijab. Clin. Med.fll'A^A- 
143 [1971]). To determine whether the rML stimulates platelet production in vivo, 
mice in rebound thrombocytosis were Injected with partially purified rhML. Platelet 
counts and incorporation of 35s into platelets were then quantitated. Injection of mice 
with 64,000 or 32,000 units of rML significantly increased platelet production, as 

25 evidenced by a -20% increase in platelet counts (p=0.0005 and 0.0001, 
respectively) and a -'40% Increase In ^^S Incorporation Into platelets (p-0.003) In 
the treated mice versus control mice Injected with excipient alone (Fig. 12C). This 
level of stimulation Is comparable to that which we have observed with iL-6 in this 
model (data not shown). Treatment with 16,000 units of rML did not significantly 

30 stimulate platelet production. These results indicate that ML stimulates platelet 
production in a dose-dependent manner and therefore possesses thrombopoietin-like 
activity. 

293 cells were also transfected with the other hML isoform constructs 
described above and the supematants were assayed using the Ba/F3-/np/ proliferation 
35 assay (see Fig. 13). hML2 and hML3 showed no detectable activity In this assay, 
however the activity of hML(R153A, R154A) was similar to hML and hMLiss 
indicating that processing at the Argi53-Argi54 di-basic site is neither required for 
nor detrimental to activity. 
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7. Megakaryocytopoiesis and the mpl Ligand 

It has been proposed that megakaryocytopoiesis is regulated at multiple 
cellular levels (Williams et aL, J.Cell Prtys/o/., 110:101-104 [1982] and Williams 
5 ef a/., Blood Ce//s, 15:123-133 [19891). This is based largely on the observation 
that certain hematopoietic growth factors stimulate proliferation of megakaryocyte 
progenitors while others appear to primarily affect maturation. The results presented 
here suggest that the ML acts both as a proliferative and maturation factor. That ML 
stimulates proliferation of megakaryocyte progenitors is supported by several lines of 

1 0 evidence. First, APP stimulates both proliferation and maturation of human 
megakaryocytes in vitro, and this stimulation Is completely Inhibited by mpl-lgG 
(Rgs. 7 and 8), Furthermore, the Inhibition of megakaryocyte colony fomrtation by 
c-mpl antisense oligonucleotides (Methia ef a/.. S/ood. 82:1395-1401 [1993]) and 
the finding that c-mpl can transduce a proliferative signal in cells into which it Is 

1 5 transfected (Skoda et a/., EMBO, 12:2645-2653 [1993] and Vigon et al,, Oncogene, 
8:2607-2615 [1993]) also indicate that ML stimulates proliferation. The apparent 
expression of c-mpi during all stages of megakaryocyte differentiation (Methia et sL, 
e/ood, 82:1395-1401 [1993]) and the . ability of recombinant ML to rapidly 
stimulate platelet production In vivo indicate that ML also affects maturation. The 

20 availability of recombinant ML makes possible a careful evaluation of its role in 
regulating megakaryocytopoiesis and thrombopoiesis as well as its potential to 
influence other hematopoietic lineages. 



8. Isolation of the Human mpl Ligand (TPO) Gene 

2 5 Human genomic DNA clones of the TPO gene were Isolated by screening a human 

genomic library in A.-Gem12 with pR45, under low stringency conditions or under 
high stringency conditions with a fragment con-esponding to the 3' half of human cDNA 
coding for the mpl ligand. Two overlapping lambda clones spanning 35 kb were 
isolated. Two overlapping fragments (BamHI and EcoRI) containing the entire TPO 

30 gene were subdoned and sequenced (see Figs. 14A, 14B and 14C). 

The structure of the human gene is composed of 6 exons within 7 kb of genomic 
DNA. The boundaries of ail exon/lntron junctions are consistent with the consensus 
motif established for mammalian genes (Shapiro, M. B., ef aL, Nucl. Adds Res. 
15:7155 [1987]), Exon 1 and exon 2 contain 5' untranslated sequence and the initial 

35 four amino acids of the signal peptide. The remainder of the secretory signal and the 
first 26 amino acids of the mature protein are encoded within exon 3. The entire 
carboxyl domain and 3' untranslated as well as -50 amino acids of the erythropoietin- 
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like domain are encoded within exon 6. The four amino acids Involved in the deletion 
observed within hML-2 (hTPO-2) are encoded at the 5* end of exon 6. 

Analysis of human genomic DNA by Southern blot indicated the gene for TPO is 
present in a single copy. The chromosomal location of the gene was determined by 
5 fluorescent in situ hybridization (FISH) which mapped to chromosome 3q27-28. 

9. Expression and Purification of TPO from 293 Cells 

Preperation and purification of ML or TPO from 293 cells Is described in detail 
In Example 19, Briefly, cDNA corresponding to the TPO entire open reading frame 

1 0 was obtained by PGR using pRK5-hmp/ 1. The PGR product was purified and cloned 
between the restriction sites Glal and Xbal of the plasmid pRKStkneo (a pRK5 derived 
vector modified to express a neomycin resistance gene under the control of the 
thymidine Idnase promote) to obtain the vector pRK5lkneo.ORF(a vector coding for the 
entire open reading frame). 

15 A second vector coding for the EPO homologous domain was generated the same 

but using different PGR primers to obtain the final construct called pRK5-tkneoEPO- 
D. 

These two constructs were transfected into Human Embryonic Kidney cells by 
the CaP04 method and neomycin resistant clones were selected and allowed to grow to 

20 confluency. Expression of ML153 or ML332 in the conditioned media from these 
clones was assessed using the Ba/F3-/np/ proliferation assay. 

Purification of rhML332 was conducted as described in Example 19. 
Briefly, 293-rhML332 conditioned media was applied to a Blue-Sepharose 
(Pharmacia) column that was subsequently washed with a buffer containing 2M urea. 

25 The column was eluted with a buffer containing 2M urea and 1M NaCL The Blue- 
Sepharose elution pool was then directly applied to a WGA-Sepharose column, washed 
with 10 column volumes of buffer containing 2M urea and 1 M NaCI and eluted with the 
same buffer containing 0.5M N-acetyl-D-glucosamine, The WGA-Sepharose eluate 
was applied to a C4-HPLG column (Synchrom, Inc.) and eluted with a discontinuous 

30 propanoi gradient. By SOS-PAGE the purified 293-rhML332 migrates as a broad band 
in the 68-80 IcDa region of the gel (see Fig. 15). 

Purification of rhMLisa was also conducted as described in Example 19. 
Briefly, 293-rhMLi53 conditioned media was resolved on Blue-Sepharose as 
described for rhML332. The Blue Sepharose eluate was applied directly to a mpl- 

35 affinity column as described above. RhMLi53 eluted from the mp/-affinlty column 
was purified to homogeneity using a G4-HPLC column run under the same conditions 
used for rhl^L332. By SOS-PAGE the purified rhMLi53 resolves into 2 major and 2 
minor bands with Mr of -18,000-22,000 (see Fig. 15). 
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10. The Murine mp/ Ligand 

A DNA fragment corresponding to the coding region of the human mpl ligand was 
obtained by PCR. gel purified and labeled in the presence of 32p_dATP and 32p.dCTP. 
5 This probe was used to screen 10® clones of a mouse liver cDNA library In X,GT10. A 
murine clone (Fig. 16 [SEQ ID NOS: 12 & 13]) containing a 1443 base pair Insert 
was isolated and sequenced. The presumed initiation codon at nucleotide position 138- 
141 was within a consensus sequence favorable for eukaryotic translation Initiation 
(Kozak. M. J.Cell BioL, 108:229-241 [1989]). This sequence defines an open 

1 0 reading frame of 1056 nucleotides, which predicts a primary translation product of 
352 amino acids. Flanking this open reading frame are 137 nucleotides of 5* and 247 
nucleotides of 3' untranslated sequence. There is no poly(A) tail following the 3' 
untranslated region indicating that the clone is probably not complete. The N-terminus 
of the predicted amino acid sequence is highly hydrophobic and probably represents a 

15 signal peptide. Computer analysis (von Heijne. G, Eur. J. fl/oc/iem, 133:17-21 
[1983]) indicated a potential cleavage site for signal peptidase between residues 21 
and 22, Cleavage at that position would generate a mature polypeptide of 331 amino 
acids (35 kDa) identified as mMLaai (or mML2 for reasons described below). The 
sequence contains 4 cysteines, all conserved in the human sequence, and seven 

20 potential N-glycosylation sites, 5 of which are conserved In the human sequence. 
Again, as with hML. all seven potential N-glycosylation sites are located in the C- 
terminal half of the protein. 

When compared with the human ML, considerable identity for both nucleotide 
and deduced amino acid sequences were observed in the "EPO-domains" of these ML's, 

25 However, when deduced amino acid sequences of human and mouse ML's were aligned, 
the mouse sequence appeared to have a tetrapeptide deletion between residues 111- 
114 corresponding to the 12 nucleotide deletion following nucleotide position 618 seen 
in both the human (see above) and pig (see below) cDNA's, Accordingly, additional 
clones were examined to detect possible murine ML isoforms. One clone encoded a 335 

30 amino acid deduced sequence polypeptide containing the "missing* tetrapeptide LPLQ. 
This fonm is believed to be the full length murine ML and Is refered to as mML or 
mML335. The nucleotide and deduced amino acid sequence for mML are provided In 
Fig. 17 (SEQ ID NOS: 14 & 15). This cDNA clone consists of 1443 base pairs 
followed by a poly(A) tail. It possesses an open reading frame of 1068 bp flanked by 

3 5 134 bases of 5' and 241 bases of 3' untranslated sequence. The presumed initiation 
codon lies at nucleotide position 138-140. The open reading frame encodes a predicted 
protein of 356 amino acids, the first 21 of which are highly hydrophobic and likely 
function as a secretion signal. 
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Rnally, a third murine clone was isolated, sequenced and was found to contained 
the 116 nucleotide deletion con^esponding to hML3. This murine isoform is therefore 
denominated mML3. Comparison of the deduced amino acid sequences of these two 
isofomis is shown in Fig. 18 (SEQ ID NOS: 9 & 16). 
5 The overall amino acid sequence identity between human and mouse ML (Fig. 

19 [SEQ ID NOS: 6 & 17]) is 72% but this homology is not evenly distributed. The 
region defined as the "EPO-domain" (amino acids 1-153 for the human sequence and 
1-149 for the mouse) is better conserved (86% homology) than the carboxy- 
termlnal region of the protein (62% homology). This may further indicate that only 
1 0 the 'EPO-domain" Is important for the biological activity of the protein. 
Interestingly, of the two di-basic amino acid motifs found in hML, only the di-basic 
motif immediately following the "EPO-domain" (residue position 153-154) in the 
human sequence is present in the murine sequence. This is consistent with the 
possibility that the full length ML may represent a precursor protein that undergoes 

1 5 limited proteolysis to generate the mature iigand. Alternatively, proteolysis between 

Argi53-Argi54 may facilitate hML clearance 

An expression vector containing the entire coding sequence of mML was 
transiently transfected into 293 cells as described in Example 1. Conditioned media 
from these cells stimulated ^H-thymidine incorporation into Ba/F3 cells expressing 

2 0 either murine or human mpl but had no effect on the parental (mpMess) cell line. 

This indicates that the cloned murine ML cDNA encodes a functional Iigand that is able 
to activate both the murine and human ML receptor (mp/). 

11. The Porcine mp/ Ligand 

2 5 Porcine ML (pML) cDNA was isolated by RACE PGR as described in Example 

13. A PCR cDNA product of 1342 bp was found in kidney and subcloned. Several 
clones were sequenced and found to encode a pig mpl ligand of 332 amino acid resudues 
referred to as pML (or PML332) having the nucleotide and deduced amino acid 
sequence shown in Fig. 20 (SEQ ID NOS: 18 & 19). 

3 0 Again, a second fomi, designated pML2, encoding a protein with a 4 amino acid 

residue deletion (228 amino acid residues) was identified (see Fig. 21 [SEQ ID NO: 
21]). Comparison of pML and pML2 amino acid sequences shows the latter forni is 
Identical except that the tetrapeptide QLPP corresponding to residues 111-114 
Inclusive have been deleted (see Fig. 22 [SEQ ID NOS: 18 & 21]). The four amino 
3 5 acid deletions observed in both murine and porcine ML cDNA occur at precisely the 
same position within the predicted proteins. 

Comparison of the predicted amino acid sequences of the mature ML from 
human, mouse, and pig (Fig. 19 [SEQ ID NOS: 6, 17 & 18]) Indicates that overall 
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sequence identity is 72 percent between mouse and human, 68 percent between mouse 
and pig and 73 percent between pig and human. The homology is substantially greater 
in the amino-temiinal half of the ML (EPO homologous domain). This domain Is 80 to 
84 percent identical between any two species whereas the carboxy-terminal half 
5 (carbohydrate domain) is only 57 to 67 percent identical, A di-basic amino acid motif 
that could represent a protease cleavage site is present at the carboxyl end of the 
erythropoeitin homology domain. This motif is conserved between the three species at 
this position (Fig. 19 [SEQ ID NOS: 6, 17 & 18]). A second di-basic site present at 
position 245 and 246 in the human sequence is not present in the mouse or pig 
1 0 sequences. The murine and the pig ML sequence contain 4 cysteines, all conserved in 
the human sequence. There are seven potential N-glycosylation sites within the mouse 
ligand and six within the porcine ML, 5 of which are conserved within the human 
sequence. Again, all the potential N-glycosylation sites are located In the C-terminal 
half of the protein. 

1 6 

12. Expression and Purification of TPO from Chinese Hamster 

Ovary (CHO) Cells 
The expression vectors used to transfect CHO cells are designated: 
PSVI5.ID.LL.MLORF (full length or TPO332). and pSVI5.ID.LLMLEPO-D (truncated or 
20 TPO163). The pertinent features of these plasmids are presented in Fig. 23 and 24. 

The transfection procedures are described in Example 20. Briefly, cDNA 
conresponding to the entire open reading frame of TPO was obtained by PCR. The PGR 
product was purified and cloned between two restriction sites (Clal and Sail) of the 
plasmid pSVI5JD.LL to obtain the vector pSVI5JD.LL.MLORF. A second construct 

2 5 conresponding to the EPO homologous domain was generated the same way but using a 

different reverse primer(EPOD.Sal). The final construct for the vector coding for the 
EPO homologous domain of TPO is called pSVI5.ID.LLMLEPO-D. 

These two constructs were linearized with NotI and transfected into Chinese 
Hamster Ovary Cells (CH0-DP12 cells, EP 307.247 published 15 March 1989) by 

30 electroporation. 10^ cells were electroporated in a BRL electroporation apparatus 
(350 Volts, 330 mF, low capacitance) in the presence of 10, 25 or 50 mg of DNA as 
described (Andreason, G.L. J. Tissue Cult Meth. 15,56 [1993]). The day following 
transfection, cells were split in DHFR selective media (High glucose DMEM-F12 
50:50 without glycine. 2mM glutamine. 2-5% dialyzed fetal calf serum). 10 to 15 

35 days later individual colonies were transfered to 96 well plates and allowed to grow to 
confluency. Expression of ML153 or Ml^32 In the conditioned media from these clones 
was assessed using the Ba/F3-mp/ proliferation assay (described in Example I). 



wo 95/18858 



PCrAJS94/14553 



The process for purifying and isolating TPO from harvested CHO cell culture 
fluid is described in Example 20. Briefly, harvested cell culture fluid (HCCF) is 
applied to a Blue Sepharose column (Phamacia) at a ratio of approximately 100L of 
HCCF per liter of resin. The column is then washed with 3 to 5 column volumes of 
5 buffer followed by 3 to 5 column volumes of a buffer containing 2.0M urea. TPO is 
then eluted with 3 to 5 column volumes of buffer containing both 2.0M urea and 1.0M 
NaCI. 

The Blue Sepharose eluate pool containing TPO is then applied to a Wheat Germ 
Lectin Sepharose column (Pharmacia) equilibrated in the Blue Sepharose eluting 
1 0 buffer at a ratio of from 8 to 16 ml of Blue Sepharose eluate per ml of resin. The 
column is then washed with 2 to 3 column volumes of equilibration buffer. TPO is then 
eluted with 2 to 5 column volumes of a buffer containing 2.0M urea and 0.5M N- 
acetyl-D-glucosamine. 

The Wheat Germ Lectin eluate containing TPO is then acidified and C12E8 is 

1 5 added to a final concentration of 0.04%. The resulting pool is applied to a C4 reversed 

phase column equilibrated in 0.1% TFA, 0.04% C12E8 at a load of approximately 0.2 
to 0.5 mg protein per ml of resin. 

The protein is eluted in a two phase linear gradient of acetonitrile containing 
0.1% TFA and 0.0,4% C12E8 and a pool is made on the basis of SDS-PAGE. 

2 0 The C4 Pool is then diluted and diafilitered versus approximately 6 volumes of 

buffer on an Amicon YM or like ultrafiltration membrane having a 10,000 to 30,000 
Dalton molecular weight cut-off. The resulting diafiltrate may be then directly 
processed or further concentrated by ultrafiltration. The diafiltrate/concentrate is 
usually adjusted to a final concentration of 0.01% Tween-80. 
25 All or a portion of the diafiltrate/concentrate equivalent to 2 to 5% of the 

calculated column volume is then applied to a Sephacryl S-300 HR column 
(Pharmacia) equilibrated in a buffer containing 0.01% Tween-80 and 
diromatographed. The TPO containing fractions which are free of aggregate and 
proteolytic degradation products are then pooled on the basis of SOS-PAGE. The 

3 0 resulting pool is filtered and stored at 2-8°C. 

1 3 . Methods for Transforming and inducing TPO Synthesis In a 
Microorganism and Isolating, Purifying and Refolding TPO 
Made Therein 

3 5 Construction of E. coli TPO expression vectors is described in detail in 

Example 21. Briefly, plasmids pMP21, pMPISI, pMP41, pMP57 and pMP202 
were all designed to express the first 155 amino acids of TPO downstream of a small 
leader which varies among the different constructs. The leaders provide primarily for 
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high level translation initiation and rapid purification. The plasmids pMP210-1. 
-T8. -21, -22, -24, -25 are designed to express the first 153 amino acids of TPO 
downstream of an initiation methionine and differ only In the codon usage for the first 
6 amino acids of TPO, while the plasmid pMP251 is a derivative of pMP210-1 In 
5 which the carboxy-temiinal end of TPO is extended by two amino acids. All of the 
above plasmids will produce high levels of Intracellular expression of TPO In £ coli 
upon induction of the tryptophan promoter (Yansura, D. G. et al. Methods in 
Enzymology ( Goeddel, D. V., Ed.) 185:54-60, Academic Press, San Diego [1990]). 
The plasmids pMPI and pMP172 are intermediates in the construction of the above 
1 0 TPO Intracellular expression plasmids. 

The above TPO expression plasmids were used to transform the £. coli using the 
GaCl2 heat shock method (Mandel, M. et ai. J. MoL Biol., 53:159-162. [1970]) and 
other procedures described in Example 21. Briefly, the transformed cells were 
grown first at 37*»C until the optical density (600nm) of the culture reached 

1 5 approximately 2-3. The culture was then diluted and, after gfowth with aeration, acid 

was added. The culture was then allowed to continue growing with aeration for another 
15 hours after which time the cells were harvested by centrifugation. 

The Isolation, Purification and Refolding procedures given below for production 
of biologically active, refolded human TPO or fragments thereof Is described in 

2 0 Examples 22 and 23 can be applied for the recovery of any TPO variant Including N 

and C terminal extended forms. Other procedures suitable for refolding recombinant 
or synthetic TPO can be found In the following patents; Builder ef a/.. U.S. Patent 
4,511,502; Jones et al., U.S. Patent 4,512,922; Olson U.S. Patent 4,518,526 and 
Builder et al., U.S. Patent 4,620,948; for a general description of the recovery and 

2 5 refolding process for a variety of recombinant proteins expressed in an Insoluble form 

In E. coli. 

A Recovery of non-soluble TPO 

A microorganism such as E. coli expressing TPO encoded by any suitable 
plasmid Is fermented under conditions In which TPO is deposited In Insoluble 

3 0 "retractile bodies". Optionally, cells are first washed in a cell disruption buffer. 

Typically, about lOOg of cells are resuspended in about 10 volumes of a cell 
disruption buffer {e.g. 10 mM Tris, 5 mM EDTA, pH 8) with, for example, a Polytron 
homogenizer and the cells centrifuged at 5000 x g for 30 minutes. Cells are then lysed 
using any conventional technique such as tonic shock, sonication, pressure cycling. 
3 5 chemical or enzymatic methods. For example, the washed cell pellet above may be 
resuspended in another 10 volumes of a cell disniption buffer with a homogenizer and 
the cell suspension is passed through an LH Cell Disrupter (LH Inceltech, Inc.) or 
through a Microfluidizer (Microfluidics International) according to the manufactures* 
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instructions. The particulate matter containing TPO is then separated from the liquid 
phase and optionally washed with any suitable liquid. For example, a suspension of cell 
lysate may be centrifuged at 5,000 X g for 30 minutes, resuspended and optionally 
centrifuged a second time to make a washed refractile body pellet. The washed pellet 
5 may be used immediately or optionally stored frozen (at e.g. -70**C). 
S. Solubilization and Purification of Monomeric TPO 
Insoluble TPO in the refractile body pellet is then solubilized with a solublizing 
buffer. The solublizing buffer contains a chaotropic agent and is usually buffered at a 
basic pH and contains a reducing agent to improve the yield of monomeric TPO. 
1 0 Representative chaotropic agents include urea, guanidine-HCI, and sodium thiocyanate. 
A preferred chaotropic agent is guanidine-HCI. The concentration of chaotropic agent is 
usually 4-9M, preferably 6-8M. The pH of the solublizing buffer is maintained by 
any suitable buffer in a pH range of from about 7.5-9.5, preferably 8.0-9.0 and most 
preferably 8.0. Preferably the solubilizing buffer also contains a reducing agent to 

1 5 aid formation of the monomeric form of TPO. Suitable reducing agents Include organic 

compounds containing a free thiol (RSH). Representative reducing agents include 
dithiothreitol (DTT), dithioerythritol (DTE), mercaptoethanol, glutathione (GSH), 
cysteamine and cysteine. A preferred reducing agent Is dithiothreitol (DTT). 
Optionally, the solubilizing buffer may contain a mild oxidizing agent (e.p. molecular 

2 0 oxygen) and a sulfite salt to form monomeric TPO via sulfitolysis. In this embodiment, 

the resulting TPO-S-sulfonate is later refolded in the presence of the redox buffer 
{e.g. GSH/GSSG) to form the properly folded TPO. 

The TPO protein is usually further purified using, for example, centrifugation, 
gel filtration chromatography and reversed phase column chromatography. 

25 By way of illustration, the following procedure has produced suitable yields of 

monomeric TPO. The refractile body pellet is resuspended In about 5 volumes by 
weight of the solubilizing buffer (20 mM Tris, pH 8, with 6-8 M guanldine and 25 
mM DTT) and stirred for 1-3 hr., or ovemlght, at 4°C to effect solubilization of the 
TPO protein. High concentrations of urea (6-8M) are also useful but generally result 

30 in somewhat lower yields compared to guanldine. After solubilization, the solution Is 
centrifuged at 30,000 x g for 30 min. to produce a clear supernatant containing 
denatured, monomeric TPO protein. The supernatant Is then chromatographed on a 
Superdex 200 gel filtration column (Pharmacia, 2.6 x 60 cm) at a flow rate of 2 
ml/min. and the protein eluted with 20 mM Na phosphate, pH 6.0, with 10 mM DTT. 

35 Fractions containing monomeric, denatured TPO protein eluting between 160 and 200 
ml are pooled. The TPO protein is further purified on a semi-preparative 04 reversed 
phase column (2 x 20 cm VYDAC). The sample is applied at 5 ml/min. to a column 
equilibrated in 0.1% TFA (trifluoroacetic acid) with 30% acetonitrile. The protein is 
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eluted with a linear gradient of acetonitrile (30-60% in 60 min.)- The purified 
reduced protein elutes at approximately 50% acetonitrile. This material is used for 
refolding to obtain biologically active TPO variant. 

G Refolding TPO to Generate the Biologically Active Form 
5 Following solubilization and further purification of TPO, the biologically active 

form is obtained by refolding the denatured monomeric TPO in a redox buffer Because 
of the high potency of TPO (half maximal stimulation in the Ba/F3 assay Is achieved at 
approximately 3 pg/ml), it Is possible to obtain biologically active material utilizing 
many different buffer, detergent and redox conditions. However, under most conditions 

1 0 only a small amount of properly folded material (<10%) is obtained. For commercial 
manufacturing processes, it Is desirable to have refolding yields at least 10%, more 
preferably 30-50% and most preferably >50%, Many different detergents including 
Triton X-100, dodecyl-beta-maltoside. CHAPS. CHAPSO, SDS, sari<osyl, Tween 20 and 
Tween 80. Zwlttergent 3-14 and others were found suitable for producing at least 

1 5 some properly folded material. Of these however, the most preferred detergents were 
those of the CHAPS family (CHAPS and CHAPSO) which were found to woric best In the 
refolding reaction and to limit protein aggregation and improper disulfide formation. 
Levels of CHAPS greater than about 1% were most preferred. Sodium chloride was 
required for the best yields, with the optimal levels between 0.1 M and 0.5M. The 

20 presence of EDTA (1-5 mM) In the redox buffer was prefen-ed to limit the amount of 
metal-catalyzed oxidation (and aggregation) which was observed with some 
preparations. Glycerol concentrations of greater than 15% produced the optimal 
refolding conditions. For maximum yields. It was essential to have a redox pair In the 
redox buffer consisting of both an oxidized and reduced organic thiol (RSH). Suitable 

25 redox pairs include mercaptoethanol, glutathione (GSH), cysteamine, cysteine and 
their corresponding oxidized forms. Preferred redox pairs were 
glutathione(GSH):oxldized glutathlone(GSSG) or cysteinercystine. The most prefen-ed 
redox pair was glutathione(GSH):oxidized glutathione(GSSG). Generally higher yields 
were observed when the mole ratio of oxidized member of the redox pair was equal to 

30 or In excess over the reduced member of the redox pair. pH values between 7.5 and 
about 9 were optimal for refolding of these TPO variants. Organic solvents {e,g, 
ethanol, acetonitrile, methanol) were tolerated at concentrations of 10-15% or lower. 
Higher levels of organic solvents increased the amount of improperiy folded fomts. 
Tris and phosphate buffers were generally useful. Incubation at 4 *C also produced 

3 5 higher levels of property folded TPO. 

Refolding yields of 40-60% (based on the amount of reduced and denatured TPO 
used in the refolding reaction) are typical for preparations of TPO that have been 
purified through the first 04 step. Active material can be obtained when less pure 
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preparations (e.g. directly after the Superdex 200 column or after the initial 
retractile body extraction) although the yields are less due to extensive precipitation 
and interference of non-TPO proteins during the TPO refolding process. 

Since TPO contains 4 cysteine residues, it is possible to generate three 
5 different disulfide versions of this protein: 

version 1: disulfides between cysteine residues 1-4 and 2-3 
version 2: disulfides between cysteine residues 1-2 and 3-4 
version 3: disulfides between cysteine residues 1-3 and 2-4. 
During the initial exploration in determining refolding conditions, several 
1 0 different peaks containing the TPO protein were separated by C4 reversed phase 
chromatography. Only one of these peaks had significant biological activity as 
determined using the Ba/F3 assay. Subsequently, the refolding conditions were 
optimized to yield preferentially that version. Under these conditions, the misfolded 
versions were less than 10-20% of the total monomeric TPO obtained from the 
1 5 solubilizing step. 

The disulfide pattern for the biologically active TPO has been determined to be 
1-4 and 2-3 by mass spectrometry and protein sequencing, where the cysteines are 
numbered sequentially from the amino-termlnus. This cysteine cross-linking pattern 
is consistent with the known disulfide bonding pattern of the related molecule 
20 erythropoietin. 

D. Biological Activity of Recombinant, Refolded TPO 
Refolded and purified TPO has activity in both In vitro and in vivo assays. For 
example, In the Ba/F3 assay, half-maximal stimulation of thymidine incorporation 
into the Ba/F3 cells for TPO (Mer^ 1-153) was achieved at 3.3 pg /ml (0.3 pM). 
25 In the mpl receptor-based ELISA, half-maximal activity occurred at 1.9 ng/ml (120 
pM). In normal and myelosuppressed animals produced by near-lethal X-radiation, 
refolded TPO (Met*1 1-153) was highly potent (activity was seen at doses as low as 
30 ng/mouse) to stimulate the production of new platelets. Similar biological activity 
was observed for other forms of TPO refolded In accordance with the above described 
30 procedures (see Figs. 25, 26 and 28). 

1 4 . Methods for Measurement of Thrombopoietic Activity 

Thrombopoietic activity may be measured in various assays including the 
Ba/F3 mpl ligand assay described in Example 1 , an /n vivo mouse platelet rebound 
35 synthesis assay, induction of platelet cell surface antigen assay as measured by an 
anti-platelet immunoassay (anti-GPIIblUa) for a human leukemia megakaryoblastic 
cell line (CMK) (see Sato ef a/., Brit J, HeamatoL, 72:184-190 [1989])(see also 
the liquid suspension megakaryocytopoiesis assay described in Example 4), and 
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induction of polyploidlzation in a megakaryoblastic cell line (DAMI) (see Ogura et aL, 
S/ood, 72(1) :49-60 [1988]). Maturation of megakaryocytes from Immature, 
largely non-DNA synthesizing cells, to morphologically Identifiable megakaryocytes 
involves a process that includes appearance of cytoplasmic organelles, acquisition of 
5 membrane antigens (GPIIbllla). endoreplication and release of platelets as described 
in the background. A lineage specific promoter (i.e., the mpl ligand) of megakaryocyte 
maturation would be expected to induce at least some of these changes In immature 
megakaryocytes leading to platelet release and alleviation of thrombocytopenia. Thus, 
assays were designed to measure the emergence of these parametiers In immature 

1 0 megakaryocyte cell lines, /.e., CMK and DAMI cells. The CMK assay (Example 4) 
measures the appearance of a specific platelet marker. GPIIbllla. and platelet shedding. 
The DAMI assay (Example 15) measures endoreplication since Increases In ploidy 
are hallmarks of mature megakaryocytes. Recognizable megakaryocytes have ploidy 
values of 2N, 4N, 8N, 16N. 32N. etc. Finally, the in vivo mouse platelet rebound 

15 assay (Example 16) is useful in demonstrating that administration of the test 
compound (here the mpl ligand) results in elevation of platelet numbers. 

Two additional in vitro assays have been developed to measure TRO activity. 
The first is a kinase receptor activation (KIRA) ELISA in which CHO cells are 
transfected with a mpl-Bse chimera and tyrosine phosphorylation of Rse is measured 

20 by ELISA after exposure of the mpi portion of the chimera to mpl ligand (see Example 
17). The second is a receptor based ELISA in which ELISA plate coated rabbit anti- 
human IgG captures human chimeric receptor /npMgG which binds the mpl ligand 
being assayed. A biotinylated rabbit polyclonal antibody to mpl ligand (TPO155) Is 
used to detect bound mpl ligand which is measured using streptavldin-peroxidase as 

25 described In Example 18. 



15. In Vivo Biological Response of Normal and Sublethally 
Irradiated Mice Treated with TPO 

Both nonnal and sublethally irradiated mice were treated with truncated and 
3 0 fuil length TPO Isolated from Chinese hamster ovary (CHO) cells, £. co//, and human 
embryonic kidney (293) cells. Both forms of TPO produced in these three hosts 
stimulated platelet production In mice, however, fuil length TPO Isolated from CHO 
apeared to produce the greatest in vivo response. These results indicate that proper 
glycosylation of the carboxy-terminal domain may be necessary for optimal in vivo 
35 activity. 

(a) £. co//-rhTPO(Met"\l53) 

The "Met" form of the EPO domain (Met in the -1 position plus the first 153 
residues of human TPO) produced In £ coli (see Example 23) was Injected daily Into 

-61 - 
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normal female C57 66 mice as described in the legends to Figs. 25A, 25B and 25C. 
These figures show that the non-giycosylated truncated form of TPO produced in £, coli 
and refolded as described above is capable of stimulating about a two-fold increase in 
platelet production in normal mice with out effecting the red or white blood cell 
5 population. 

This same molecule injected daily into sublethally irradiated ("^^^cs ) female 
C57 B6 mice as described in the legends to Figs. 26A, 26B and 26C stimulated 
platelet recovery and diminished nadir but had no effect on erythrocytes or leukocytes. 

(b) CHO-rhTP0332 

1 0 The full length form of TPO produced in CHO and injected daily into nornial 

female C57 B6 mice as described in the legends to Figs. 27A, 27B and 27C produced 
about a five-fold increase in platelet production in nomnal mice with out effecting the 
erythrocyte or leukocyte population. 

(c) CHO-rhTP0332; £ co/KhTPO(Met'\l53); 293-rhTP0332; and E. 
15 co/y-rhTPOi55 

Dose response curves were constructed for treatment of normal mice with 
rhTPO from various cell lines {CHO-rhTP0332; E- co//-rhTPO(Met"\l53); 293- 
rhTP0332; and E. co//-rhTPOi55) as described in the legend to Fig. 28. This figure 
shows that all tested fonns of the molecule stimulate platelet production, however the 

2 0 full length fomn produced in CHO has the greatest in vivo activity. 

{ d ) CHO-rhTPOi 53, CHO-rhTPO«clipped- and CHO-rhTP0332 
Dose response curves were also constructed for treatment of nomial mice with 
various fornis of rhTPO produced in CHO (CHO-rhTPOi 53. CHO-rhTPO«clipped" and 
CHO-rhTP0332) as described in the legend to Fig. 29. This figure shows that all 

2 5 tested CHO fomns of the molecule stimulate platelet production.but that the full length 

70 Kda form has the greatest in vivo activity. 

1 6 . General Recombinant Preparation of mpl Ligand and 
Variants 

30 Preferably mpl ligand is prepared by standard recombinant procedures which 

involve production of the mpl ligand polypeptide by culturing cells transfected to 
express mpl ligand nucleic acid (typically by transforming the cells with an 
expression vector) and recovering the polypeptide from the cells. However, it is 
optionally envisioned that the mpl ligand may be produced by homologous 

3 5 recombination, or with recombinant production methods utilizing control elements 

introduced Into cells already containing DNA encoding the mpl ligand. For example, a 
powerful promoter/enhancer element, a suppressor, or an exogenous transcription 
modulatory element may be inserted in the genome of the Intended host cell in 
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proximity and orientation sufficient to influence the transcription of DNA encoding the 
desired mp! ligand polypeptide. The control element does not encode the mpi ligand, 
rather the DNA is indigenous to the host cell genome. One next screens for cells making 
the receptor polypeptide of this invention, or for increased or decreased levels of 
5 expression, as desired. 

Thus, the invention contemplates a method for producing mpl ligand comprising 
inserting into the genome of a cell containing the mpl ligand nucleic acid molecule a 
transcription modulatory element in sufficient proximity and orientation to the 
nucleic acid molecule to Influence transcription thereof, with an optional further step 
1 0 comprising culturing the cell containing the transcription modulatory element and the 
nucleic acid molecule. The invention also contemplates a host cell containing the 
indigenous mpl ligand nucleic acid molecule operably linked to exogenous control 
sequences recognized by the host cell. 

A. Isolation of DNA Encoding mpl ligand Polypeptide 

1 5 The DNA encoding mpl ligand polypeptide may be obtained from any cDNA 

library prepared from tissue believed to possess the mpl ligand mRNA and to express 
it at a detectable level. The mpl ligand gene may also be obtained from a genomic DNA 
library or by In vitro oligonucleotide synthesis from the complete nucleotide or amino 
acki sequence. 

2 0 Libraries are screened with probes designed to identify the gene of interest or 

the protein encoded by It. For cDNA expression libraries, suitable probes include 
monoclonal or polyclonal antibodies that recognize and specifically bind to the mpl 
ligand. For cDNA libraries suitable probes include oligonucleotides of about 20-80 
bases in length that encode known or suspected portions of the mpl ligand cDNA from 

2 5 the same or different species; and/or complementary or homologous cDNAs or 

fragments thereof that encode the same or a similar gene. Appropriate probes for 
screening genomic DNA libraries Include, but are not limited to, oligonucleotides, 
cDNAs, or fragments thereof that encode the same or a similar gene, and/or homologous 
genomic DNAs or fragments thereof. Screening the cDNA or genomic library with the 
30 selected probe may be conducted using standard procedures as described In Chapters 
10-12 of Sambrook et aL, supra. 

An alternative means to isolate the gene encoding mpl ligand Is to use PGR 
methodology as described in section 14 of Sambrook et al., supra. This method 
requires the use of oligonucleotide probes that will hybridize to DNA encoding the mpl 

3 5 ligand. Strategies for selection of oligonucleotides are described below. 

A prefenred method of practicing this invention Is to use carefully selected 
oligonucleotide sequences to screen cDNA libraries from various tissues, preferably 
human or porcine kidney (adult or fetal) or liver cell lines. For example, human fetal 
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liver cell line cDNA libraries are screened with the oligonucleotide probes. 
Alternatively, human genomic libraries may be screened with the oligonucleotide 
probes. 

The oligonucleotide sequences selected as probes should be of sufficient length 
5 and sufficiently unambiguous that false positives are minimized. The actual nucleotide 
sequence(s) is usually designed based on regions of the mpl iigand which have the least 
codon redundancy. The oligonucleotides may be degenerate at one or more positions. 
The use of degenerate oligonucleotides Is of particular importance where a library is 
screened from a species in which preferential codon usage is not Icnown. 

1 0 The oligonucleotide must be labeled such that it can be detected upon 

hybridization to DNA in the library being screened. The preferred method of labeling is 
to use ATP {e.g., t^^P) and polynucleotide kinase to radiolabel the 5* end of the 
oligonucleotide. However, other methods may be used to label the oligonucleotide, 
Including, but not limited to, biotinylation or enzyme labeling. 

15 Of particular interest is the mpl Iigand nucleic acid that encodes a full-length 

mpl Iigand polypeptide. In some preferred embodiments, the nucleic acid sequence 
includes the native mpl Iigand signal sequence. Nucleic acid having all the protein 
coding sequence Is obtained by screening selected cDNA or genomic libraries using the 
deduced amino acid sequence. 

20 6. Amino Acid Sequence Variants of Native mpl Iigand 

Amino acid sequence variants of mpl Iigand are prepared by introducing 
appropriate nucleotide changes into the mpl Iigand DNA, or by in vitro synthesis of the 
desired mpl Iigand polypeptide. Such variants include, for example, deletions from, or 
insertions or substitutions of, residues within the amino acid sequence for the porcine 

25 mpl Iigand. For example, carboxy temiinus portions of the mature full length mpl 
iigand may be removed by proteolytic cleavage, either In vivo or In vitro, or by 
cloning and expressing a fragment or the DNA encoding full length mpl iigand to 
produce a biologically active variant. Any combination of deletion, insertion, and 
substitution is made to arrive at the final construct, provided that the final construct 

3 0 possesses the desired biological activity. The amino add changes also may alter post- 
translational processes of the mpl Iigand, such as changing the number or position of 
glycosylation sites. For the design of amino acid sequence variants of the mpl iigand, 
the location of the mutation site and the nature of the mutation will depend on the mpl 
Iigand characteristic(s) to be modified. The sites for mutation can be modified 

3 5 individually or in series, e.g., by (1) substituting first with conservative amino acid 
choices and then with more radical selections depending upon the results achieved, (2) 
deleting the target residue, or (3) inserting residues of the same or a different class 
adjacent to the located site, or combinations of options 1-3. 
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A useful method for identification of certain residues or regions of the mpl 
ligand polypeptide that are preferred locations for mutagenesis is called "alanine 
scanning mutagenesis." as described by Cunningham and Wells. Sc/ence, 244:1 081- 
1085 [1989]. Here, a residue or group of target residues are identified (e.g., charged 
5 residues such as arg, asp, his, lys, and glu) and replaced by any. but preferably a 
neutral or negatively charged, amino acid (most preferably alanine or polyalanine) to 
affect the interaction of the amino acids with the surrounding aqueous environment in 
or outside the cell. Those domains demonstrating functional sensitivity to the 
substitutions then are refined by Introducing further or other variants at or for the 

1 0 sites of substitution. Thus, while the site for introducing an amino acid sequence 
variation is predetermined, the nature of the mutation per se need not be 
predetermined. For example, to optimize the performance of a mutation at a given 
site, ala scanning or random mutagenesis is conducted at the target codon or region and 
the expressed mpl ligand variants are screened for the optimal combination of desired 

1 5 activity. 

There are two principal variables in the construction of amino acid sequence 
variants: the location of the mutation site and the nature of the mutation. For example, 
variants of the mpl ligand polypeptide include variants from the mpl ligand sequence, 
and may represent naturally occun^lng alleles (which will not require manipulation of 
20 the mpl ligand DNA) or predetermined mutant fonms made by mutating the DNA, either 
to arrive at an allele or a variant not found in nature. In general, the location and 
nature of the mutation chosen will depend upon the mpl ligand characteristic to be 
modified. 

Amino acid sequence deletions generally range from about 1 to 30 residues. 

25 more preferably about 1 to 10 residues, and typically are contiguous. Alternatively, 
amino add sequence deletions for the mpl ligand may Include a portion of or the entire 
carboxy-terminus glycoprotein domain. Amino acid sequence deletions may also 
include one or more of the first 6 amino-terminus residues of the mature protein. 
Optional amino acid sequence deletions comprise one or more residues In one or more 

30 of the Soop regions that exist between the 'helical bundels". Contiguous deletions 
ordinarily are made in even numbers of residues, but single or odd numbers of 
deletions are within the scope hereof. Deletions may be introduced Into regions of low 
homology among the mpl ligands that share the most sequence identity to modify the 
activity of the mpl ligand. Or deletions may be introduced Into regions of low homology 

3 5 among human mpl ligand and other mammalian mpl ligand polypeptides that share the 
most sequence identity to the human mpl ligand. Deletions from a mammalian mpl 
ligand polypeptide in areas of substantial homology with other mammalian mpl ligands 
will be more likely to modify the biological activity of the mpl ligand more 
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significantly. The number of consecutive deletions wili be selected so as to preserve 
the tertiary structure of mp! ligands in the affected domain, e.g., beta-pleated sheet or 
alpha helix. 

Amino acid sequence insertions include amino- and/or carboxyl-terminal 
5 fusions ranging in length from one residue to polypeptides containing a hundred or 
more residues, as well as intrasequence Insertions of single or multiple amino acid 
residues. Intrasequence insertions {Le„ insertions within the mature mpl ligand 
sequence) may range generally from about 1 to 10 residues, more preferably 1 to 5, 
most preferably 1 to 3. An exemplary preferred fusion is that of mpl ligand or 
1 0 fragment thereof and another cytokine or fragment thereof. Examples of terminal 
insertions include mature mpl ligand with an N-terminal methionyl residue, an 
artifact of the direct expression of mature mpl ligand In recombinant cell culture, and 
fusion of a heterologous N-terminal signal sequence to the N-temninus of the mature 
mpl ligand molecule to facilitate the secretion of mature mpl ligand from recombinant 

1 5 hosts. Such signal sequences generally will be obtained from, and thus homologous to, 

the intended host cell species. Suitable sequences include STII or Ipp for E. coli, alpha 
factor for yeast, and viral signals such as herpes gD for mammalian cells. 

Other Insertional variants of the mpl ligand molecule Include the fusion to the 
N- or C-terminus of mpl ligand of Immunogenic polypeptides (/.e., not endogenous to 

2 0 the host to which the fusion Is administered), e.g., bacterial polypeptides such as beta- 

lactamase or an enzyme encoded by the £. coli trp locus, or yeast protein, and C- 
terminal fusions with proteins having a long half-life such as immunoglobulin 
constant regions (or other Immunoglobulin regions), albumin, or ferritin, as 
described in WO 89/02922 published 6 April 1989. 
25 A third group of variants are amino acid substitution variants. These variants 

have at least one amino acid residue In the mpl ligand molecule removed and a different 
residue inserted In Its place. The sites of greatest Interest for substitutional 
mutagenesis include sites Identified as the active site(s) of mpl ligand and sites where 
the amino acids found in other analogues are substantially different In tenms of side- 

3 0 chain bulk, charge, or hydrophobiclty, but where there Is also a high degree of 

sequence Identity at the selected site among various mpl ligand species and/or within 
the various animal analogues of one mpl ligand member. 

Other sites of Interest are those in which particular residues of the mpl ligand 
obtained from various family members and/or animal species within one member are 
3 5 identical. These sites, especially those falling within a sequence of at least three other 
identically conserved sites, are substituted In a relatively conservative manner. Such 
conservative substitutions are shown in Table 3 under the heading of preferred 
substitutions. If such substitutions result in a change in biological activity, then more 
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substantial changes, denominated exemplary substitutions in Table 3, or as further 
described below in reference to amino acid classes, are introduced and the products 
screened. 



5 




TABLE 3 






Original 


Exemplary 


Preferred 




Residue 


Substitutions 


SybstitMtl^ 




Ala (A) 


Val; Leu; lie 


Val 




Arg (R) 


Lys; Gin; Asn 


Lys 


10 


Asn (N) 


Gin; His; Lys; Arg 


Gin 




Asp (0) 


Glu 


Giu 




Cys (C) 


Ser 


Ser 




Gin (Q) 


Asn 


Asn 




Glu (E) 


Asp 


Asp 


1 5 


Gly (G) 


Pro 


Pro 




His (H) 


Asn; Gin; Lys; Arg 


Arg 




lie (1) 


Leu; Val; Met; Aia; Phe; 
norleuclne 


Leu 




Leu (L) 


norleucine; lie; Val; 




20 




Met; Ala; Phe 


lie 




Lys (K) 


Arg; Gin; Asn 


Arg 




Met (M) 


Leu; Phe; He 


Leu 




Phe (F) 


Leu; Val; lie; Ala 


Leu 




Pro (P) 


Gly 


Gly 


25 


Ser (S) 


Thr 


Thr 




Thr (T) 


Ser 


Ser 




Trp (W) 


Tyr 


Tyr 




Tyr (Y) 


Trp; Phe; Thn Ser 


Phe 




Val (V) 


He; Leu; Met; Phe; 




30 




Ala; norleucine 


Leu 



Substantial modifications in function or immunological identity of the mpi 
ligand are accomplished by selecting substitutions that differ significantly In their 
effect on maintaining (a) the structure of the polypeptide backbone in the area of the 
3 5 substitution, for example, as a sheet or helical conformation, (b) the charge or 
hydrophobicity of the molecule at the target site, or (c) the bulk of the side chain. 
Naturally occuning residues are divided into groups based on common side-chain 
properties: 
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(1) hydrophobic: norleucine, Met, Ala, Val, Leu, lie; 

(2) neutral hydrophllic: Cys. Set, Thr; 

(3) acidic: Asp, Glu; 

(4) basic: Asn, Gin, His, Lys, Arg; 

5 (5) residues that influence chain orientation: Gly, Pro; and 
(6) aromatic: Trp, Tyr, Phe. 

Non-conservative substitutions will entail exchanging a member of one of these 
classes for another. Such substituted residues also may be introduced into the 
conservative substitution sites or, more preferably, into the remaining (non* 

1 0 conserved) sites. 

In one embodiment of the invention, it is desirable to inactivate one or more 
protease cleavage sites that are present in the molecule. These sites are Identified by 
inspection of the encoded amino acid sequence, in the case of trypsin, e.g., for an 
arginyl or lysinyl residue. When protease cleavage sites are identified, they are 

1 5 rendered Inactive to proteolytic cleavage by substituting the targeted residue with 
another residue, preferably a basic residue such as glutamine or a hydrophobic 
residue such as serine; by deleting the residue; or by inserting a prolyl residue 
immediately after the residue. 

In another embodiment, any methionyl residues other than the starting 

20 methionyl residue of the signal sequence, or any residue located within about three 
residues N- or C-terminal to each such methionyl residue, is substituted by another 
residue (preferably in accordance with Table 3) or deleted. Alternatively, about 1- 
3 residues are inserted adjacent to such sites. 

Any cysteine residues not involved in maintaining the proper conformation of 

25 the mpl ligand also may be substituted, generally with serine, to improve the oxidative 
stability of the molecule and prevent aberrant crosslinking. It has been found that the 
first and forth cysteines In the epo domain, numbered from the amino-terminus, are 
necessary for maintaining proper confomnation but that the second and third are. not. 
Accordingly, the second and third cysteines in the epo domain may be substituted. 

3 0 Nucleic acid molecules encoding amino acid sequence variants of mpl ligand are 

prepared by a variety of methods known in the art. These methods Include, but are not 
limited to, Isolation from a natural source (in the case of naturally occurring amino 
acid sequence variants) or preparation by oligonucleotide-mediated (or site-directed) 
mutagenesis, PCR mutagenesis, and cassette mutagenesis of an eariier prepared 

3 5 variant or a non-variant version of mpl ligand polypeptide. 

Oligonucleotide-mediated mutagenesis is a preferred method for preparing 
substitution, deletion, and insertion variants of mpl ligand DNA. This technique is well 
known in the art as described by Adelman ef a/., DNA, 2:183 [1983]. Briefly, mpl 
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